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CENEIUL INTRODUCTION 

T his monograph has been written in continuation of monograpii No. 14 
[Mehta, 1940] dealing with physiologic races, the role of alternate hosts and 
oversuinniering in relation to the annual reciUTence of rusts of wheat and 
barley in India. It gives an account of work on dissemination of rusts conducted 
up to the end of March, 1938 and also deals with some direct methods of control 
which, in the opinion of the writer, sliould help considerably in mitigating the 
heavy loss caused by rust eqidernics in hills as well as the plains of India year 
after year. 

A preliminary study of rust dissemination was started by the writer in the 
year 1929 and the scope of this work was extended from time to time after 1980, 
with fmaiKiial aid from tlie Imperial (now Indian) Council of Agrienltural Research. 
The total amount of grants made by the Council for three successive schemes 
of research amounted to Rs. 2,43,770 up to tlie (uid of March, 1938 and the stud}" 
of mist dissemination was (‘arried out with ,the help of the same staff as was 
engaged, from time tt.) time, for work on th<‘ ereal-rust problen» as a whole. 

By the courtes}’ of tlu‘ Directors of Agriculture in the various States, the 
Director, Imperial Agricultural Research Institute, Pusa (now at New Delhi), the 
Director, Institute of Plant Industry, Indore, the Professor of Botany, Government 
College, Ajmer, the Lecturer in Botany, St. Andrews Collt^ge, Gorakhpur and the 
Lecturer in Biology, Agricultural Institute, Allahabad, arrangements were made 
for the exposure of stationary slides in aeroscopes for catching spores of rusts at 
a large number of stations scattered all over the country. Year after year, slides 
smeared with vaseline were also sent up on lialloons and kites from the Upper- 
Air Observatoi’V at Agra. 

Slides frt>m all slaiions were examined l>y uuunbers of fbt‘ rusf. research 
sialT stationed at Agra and Simla. Information regarding tlie dates of rust 
a]>pearan(‘e was sent to Agra by the Su|)eriiitendents-iu-charge of Experiinental 
Slaiions in the Pro\ inees and States and by other workers, at lli(‘ reejuest of 
the writer. In addition, observations on the ineideiiet* (»f rusts at selccvted stations 
w<u’e occasionally made, by the writer and some numdx.Ts of the rust rc^searcli 
stair. During 1935-88 tliree more assistants w(n’e engaged for survey in some 
of the Provinces in co-operation with tlie writer. These assistants worked under 
the imm(‘diate supervision of tlie Professor of Botany, Agricultural College, Lyalh 
pur, the Plant Pathologist to the Government of Bombay, Poona and tlie Govern- 
ment Mycologist, Coimbatore. During 1935-36 tlie Imperial* Mycologist, Pusa, 
kindly lent the part-time services of one of his fieldmen for this study at the foot 
of the Nepal range. 

Working Charts for the preparation of wind- trajectories ^vt^re kindly lent 
by the Director General of Observatories, Poona. For the preparation of wind- 
trajectories, an assistant, with special knowledge of meteorology was engaged, 
to start with, for a period of four months in the year, hut from 1935-88, one 
assistant was mainl-aiued tliroughout the -year for this work. All wind-trajee- 
tories "were prepared a t the Upper- Air Observatory at Agra tinder the general 
suriiervision of tlie Superintending Meteorologist. 

With the expansion of the scope of work in the year 1933 arose the need 
oi* relief to tlie writer from a part of his duties at the Agra College and the Imperial 
(now Indian) Coimcil of Agricultural Research very kindly allowed an adequate 


Now the head of t he Divisiou of plant Pathology of Indian Agricultural Research Timtitiite. 
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sum, out of the grants mentioned abo\T, for the appointnieni of a temporary 
Lecturer ami a Persona 1 Research Assistant. Tin* writer ^vishes to (express Im 
warmest; thanks to a,uthoritics of tho Agra College for the facilities provided 
for this study as well as for the relief granhKl to Iiini from soim* of his ditties as 
a whole-thne lueiiiber of the staif of that institution. 

As stahxl in the previous monograplu the writer consulted l^rof. F, T. 
Firooks, F.R.S. of the University oi‘ Cambridge, the late Sir Edwin J. Butler, 
F.R.S. ronut'rly Secretary. Agricultural Research Coimeil, I-fOiidou and Prof. 
Fh €. Stahman of Minnesota. Unii(‘d State.s of America, from tiiue to time during 
t.he progress of t;he investigationis and wishes to express his most groiefu! thanks 
for their kind interest and helpful suggestions. 

The writer also had the benefit ol‘ a personal discussion on the ccreal-rust 
problem of India, relating specially to dissemination, with Prof. V. IL Blackman, 
F.R.S., Loudon, the late Prof. A. H. R. Buller, F.R.S. of Manitoba and the late 
Sir Arthur Hill, F.R.S., Director, Royal Botanic (rardeiis, Kcw% during their 
visit to the Rust Research Laboratory at Agra in December. 1087, when they 
came out to India, for the Jubilee session of the Indian Science Congress, In 
the ye^ar 1986-87 Sir John Russell, F.R.S., then Director, Rothamsted .Experi- 
mental Station visited the Rust Research Laboratories at Agra and Simla 
ollieially and the wriha* had an opporiunity of discussing at length the scope 
of these iiua.\stigations with him. Tlie writei* wishes to express his sincere 
thanks i.o the above workers for the beuetit <.)(* tiieir opinion on diifertuit aspects 
of the rust. prol)Iem. 

The writer wish(‘s to e.xpiasss his \varm(*si thanks to th<‘ Imperial (now 
Indian) Council of Agricmitural Hescareh for the gra,uts-in-aid sanctioned rrom 
time to time. The ollicers of the (Xmueil have always been vanw kind and 
accommodating and the vvrlt<‘r wishes to express his sincere thanks to them. 

Thanks of the winter are also due to th<‘ (hmirrnmcnis ol‘ Nepal and the 
Dangs for permission to liis assistants to study tlu‘ incidence^ of rusts in their 
respective areas. 

The kind help given by a, largt^ number of other workers as well as the loyal 
assistance rendered hy the rust research staff are duly a.eknowIedg(‘(l in Part 
One. 

Prof. F. T. Brooks, F.R.S. of the University of Cambridge kindly look the 
trouble of reading through tlic manuscript of this rnonograj[>}i and the wi’iter 
wishes to express his Nvarmest thanks for valuable suggestions rmide by bini for 
greater clariffcaiion and abbreviation of se\'eral passages in th.e text. Thanks 
of the wu’iter are also due to Dr C. W. H. Normand, Director (hmerat of Observa- 
tories, India, who read througli porticjus of the manuscript dealing with 
meteorological aspects of tlx' study juid made some ^'aJuable suggestions. 

The final manuscript of this m(.)nogra])h was sent to tin* Imperial (nw 
Indian) Council of Agricultural Ilesearch in June, I94<2 but owing to the ac- 
ute shortage of paper it could not Fm published earlier. 


Umf. Me^mrch Laiomt 0 ry. K. (A ?^IE}EJA, 

Agra College, Agra 

January J, 1948 Principal and .Prafessor of Botany 
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PART ONE 
General 


I. Introduction 


I N India, wheat suffers from all the three rusts, i.e. black, brown and yellow, 
caused respectively by Puccinia graminis tritici (Pers.) Erikss. and Hemi., 
P. triticina Erikss. andP. ghiinarum (Schm.) Erikss. and Henn. The black 
and yellow rusts are also found on barley. 

There are nearly 35 million acres under wheat and another eight millions 
under barley in this country every year and the damage caused by rusts on these 
crops comes to nearly 60 million rupees annually. The bulk of the area under 
wheat lies in the Indo-Gangetic plain (the tract situated between the river 
Indus on the north-west and Bengal on the east). There is a considerable 
amount of wheat cultivation also in Peninsular India (situated roughly south 
of the line connecting Calcutta on the east with Baroda near the west coast). 

Over the greater part of the country, wheat and barley are sown during 
October to. November and harvested in March to April, fn the hills, which 
cover nearly five per cent of the total acreage, these crops are generally sown 
about the same time but are harvested one to two months later, according to 
altitude. In some parts of Nepal, however, wheat and barley are sown rather 
early, i.e. in August to September, and at higher altitudes in the Nilgiris and 
Palni hills two crops are raised every 3^ear, one of which is sown during April 
to August and the other in September to November. The same applies to a 
small hilly area of Devikulum Taluq in the Travancore State^ 

A brief account of dissemination of rusts in relation to first outbreaks in 
the plains was published by the writer [Mehta, 1931, 1933]. Since then the 
scope of the study has been considerably enlarged with the object of collecting 
data from wind-trajectories for representative stations, in addition to the informa- 
tion obtained from the examination of stationary slides as w^ell as those sent up 
on balloons and kites. 

2. ReLEYANT DATk ANb SCfOTE OF THE PRESENT INVESTIGATION 

A. Data from previous work in relation to the present study 

In October, 1923, after an intensive search in the Kumaon Hills, the writer 
found heavy infection with brown rust on thousands of ratoon tillers from 
harvested plants and self-sown plants of wheat at Latibhunga, near Mukteswar, 
7,500 ft. above sea level. Most of the self-sown plants were also found to be 
infected with yellow rust. In some of the fields wheat had been sown and others 
were being prepared for the purpose. Prior to that there was no record in 
literature regarding the occurrence of viable uredospores of wheat rusts at the 
time of sowing anywhere in India. 

As there is no trace of rusts at that time of the year in the plains, inocula- 
tions were made at Agra with fresh material brought down from Latibhunga 
in order to make sure if the unsuitability of temperature was responsible for 
delay in the appearance of rusts, assuming that they were caused by a local 
source of infection. Seedlings of wheat were inoculated in a cage on October 
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28, 1928 separately with uredospores of brown and yellow rusts. Brown rust 
appeared on the eighth day hut there was no infection with the latter. The 
average maximum and minimum temperatures of Agra during the period of the 
experiment were 90.4®F. and 64.8°F. respectively. The culture of brown rust 
was successfully maintained at Agra till April, 1924. 

After a preliminary study of the incidence of rusts in the Kumaon Hills 
and the plains of the United Provinces, the writer [Mehta, 1925] observed that 
(i) on account of the intense heat of stimmer there is little likelihood of the 
survival of uredospores of 3^ellow and brown rusts of wheat from the previous 
crop in the plains of India, (ii) there is no local source of infection at the time 
when wheat is sown in the plains, (iii) uredospores are able to survive during 
summer at various altitudes in the hills where climatic conditions are more 
favourable and (iv) rust outbreaks in the plains are probably caused by uredo- 
spores blown, down to the plains from such altitudes in the hills. 

On October 2, 1927 inoculations were made by the writer at Mukteswar on 
wheat seedlings carried there in rust-proof cases and then brought down to 
Agra, Brown rust appeared on the eighth day but again no infection took place 
with yellow rust. These experiments were repeated- at Agra on October 6 
with uredo-material brought down from Mukteswar and brown rust appeared 
after seven days but yellow rust did not. The average maximum and minimum 
temperatures of Agra during the period of this experiment were 90.5T. and 
67.8°F. respectively. The culture of brown rust was again successfully main- 
tained at Agra till the following April. 

The inoculations referred to above were made on Agra Local wheat w^hich 
the writer had found to be very susceptible to all the three rusts. The failure 
of infection at Agra in the case of yellow rust was most probably due to the 
range of temperature being rather high at that time o,^ the year. In a previous 
publication the writer [Mehta, 1928] has stated that yellow rust suffers more 
from waimi weather than the other two and thrives only under cooler conditions. 

The above experiments show that weather conditions at Agra were favour- 
able, at any rate, for brown rust during the month of October in those two 
years and that if there was any local source of infection the rust in question 
should have appeared on the crop at the latest by the end of November, i.e. 
within four to five weeks from the time it was sown. As it is, the initial attack 
of this rust occurred at Agra as late as February 1, 1924 and February 18, 
1928 respectively, i.e. 8 to months from the time of sowdiig. 

In subsequent years inoculations were again made several times at Agi^a 
in a cag6 with uredo-material of ail the three rusts obtained by post from the 
Rust Research Laboratory at Simla during October to November. Cultures of 
black and browm rusts were established as a result of inoculatiorxS made in the 
middle of October but with yellow rust no infection took place before the end 
of November. 

It is clear, therefore, that but for the absence of a local source of infection 
from the previous crop black and brown rusts should appear at Agra on the 
new crop at the latest by the end of November and yellow rust a fortnight later. 
Normally, however, as shown in the Tables of Aeroscope-slides in Parts Two, 
Three and Four, none of these rusts breaks out at Agra before February. 

The information supplied about Agra applies, in general, to most of the 
stations in the plains of northern and central India, as will be clear from the 
tables dealing with the study of Aeroscope-slides in different parts of 
this monograph, 
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The coatentioii made by contemporary workers as well as the waiter [Mehta, 
1923] regarding the absence of infection in the seed has been further supported 
by recent experiments carried out at Agra For a period of five years several 
varieties of wheat were grown up to the adult stage in a double-muslin cage, 
sides as well as top, with a space of nearly one inch between the two layers. 
No rust appeared even on the most susceptible varieties- Similarly, seedlings 
of several varieties of wheat as w^ell as older control plants of Agra Local (a 
very susceptible variety) grown for the study of physiologic races in rust-proof 
seedling houses at Agra and Simla from year to year have alw^ays been free from 
rust although there is plenty of it every year in the fields and plots in the 
laboratory areas not far aw'ay. 

In India Berberis and ThaUetrum, the alternate hosts of black rust of cereals 
and the brown rust of wheat respectively, are restricted to the hills and none 
of the three rusts under reference is able to survive the critical period, i.e. the 
intense!}^ hot summer, on any cereal or a wild grass in the plains. 

These facts fully explain the delay of two to three, sometimes even three 
to four months in the initial outbreaks of msts year after year in the plains of 
India, in general. 

In the year 1928, as early as January, the new crops of wiieat and barley 
at Mukteswar and Bhimtal (7,500 ft. and 4,500 ft. above sea level, respectively) 
in the Kumaoii Hills were found by the writer to be heavily infected with yellow 
rust whereas there was no trace of rusts at any of the stations in the plains on 
the way from Agra. 

After a further study of the incidence of rusts in the Kumaon Hills and the 
neighbourhood of Simla, the waiter [Mehta, 1929] recorded the occurrence of the 
uredostage of yellow and brown rusts on self-sown plants and ratoon tillers 
from harvested wheat at 6,000-7,000 ft. above sea level during the interval 
between the harvest and the next sowing. On the strength of a series of 
experiments conducted with Hearson's nine-compartment incubator, to find 
out the influence of high temperatures on the viability of uredospores of all the 
tliree rusts of wheat and on the basis of a study of the incidence of rusts in the 
Indo-Gangetic plain, the writer also concluded that it is impossible for these 
rusts to survive the heat of summer which folIow^s the harvest over the greater 
part of the plains of India. 

In later contributions, the writer [Mehta, 1933, 1940] has supplied detailed 
information regarding the survival of the uredostage of all the three rusts on 
‘ out of season ’ wheat during summer in the hills and also about Uieir outbreaks 
in those areas on new crops, sown at some places earlier than the normal period, 
long before any trace of infection in the plains. It has also been observed that, 
in general, rusts break out earlier at the foot-hills and plant for plant there is 
heavier infection at those localities than in the neighbouring plains and further 
that the periods of rust appearance at the foot-hills as- w'ell as in the plains in 
different parts of the country are not the same. 

The role of Berberis and Thalicinim has been fully discussed by the writer 
[Mehta, 1940] in the previous monograph and as explained therein these 
alternate hosts play little part in the annual recurrence of black and brown rusts 
respectively in the plains of India. For yellow rust no alternate host has been 
discovered anywhere so far. 
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It may safely be concluded, therefore, that rust inoculum is re-introduced 
into the plains of India every year from some other source and that this source 
in all probability lies in the hills where all the three rusts are able to oversummer 
in the uredostage. 

B, Scope of the 'present invesiigaiion 

Klebahn [1904] suggested that fresh outbreaks of rusts in different parts 
of the world may be caused by spores being blown long distances by wind. 

Stakman, Henry, Curran and Christopher []92'3] recorded the presence of via- 
ble uredospores of Puccinia graminis in air at an elevation, of 7,000 ft. in the Missi- 
ssippi valley. These spores were caught along with those of several other fungi, 
pollen grains, glumes of grasses and even small insects in spore traps exposed 
on aeroplanes. Viable aecidiospores of P. graminis were also caught at an 
elevation of 1,000 ft. On the basis of preliminary experiments, these authors 
pointed out that spores may be carried long distances by the upper-air " currents 
and if they retain their viability, as some of them quite probably do, an 
epidemic might occur in one locality as a result of the transit of spores from an 
infection centre in another distant locality. 

While dealing with dissemination and geographic distribution of plant rusts, 
Arthur and his collaborators [1929] discussed the part played by different 
agencies including insects, other small animals, human beings and water streams, 
etc. These authors pointed out, however, that wind is obviously the most 
important agency in the spread of rust spores under natural conditions. 

It may be stated at the outset that the scope of the present investigation 
was restricte(^ to the part played by wind in the dissemination of wheat rusts 
in relation to their initial outbreaks at the foot-hills and in the plains. In view 
of the huge expanse of hills all along the north and north-west and the total 
lack of facilities for lo'cal observations or for exposure of slides, it was not 
possible to include the dissemination of rusts within those areas in this study. 

As far as the writer is aware, the study of rust dissemination with the help 
of trajectories of winds at different heights for representative stations in 
relation to spore showers and dates of initial outbreaks has not been attempted 
in any other countr}^ so fax. The scope of the present investigation will be clear 
from the following example : 

Elack rust appeared on wheat at Agra on February 24, 1937 although the 
crop was sown early in November, 1936. Wind-trajectories were prepared from 
the date one month prior to that of rust appearance up to the commencement 
of the incubation period, the maximum duration of which was reckoned to be 
a fortnight. These trajectories were carefully studied in order to see if there 
were any winds during that period of a fortnight or so coming to Agra from a 
station or stations on the way where black rust had appeared well in advance 
and to determine which of the winds, if any, was followed by a spore shower. 
Ordinarily, curves for one week prior to the commencement of the incubation 
period should suffice, but in view of the likely delay in the detection of first rust 
outbreaks at some of the stations trajectories were prepared for a longer period. 

On these lines as many as 11,355 wind-trajectories have been studied, taking* 
into account all the three rusts of wheat and the various representative stations 
included in the study from time to time, since the year 1932. This number 
includes mostly wind-trajectories for 1,640, 3,280, 4,920 and 6,560 ft. above 
sea level. For some of the stations of Peninsular India trajectories were pre- 
naxed also for winds at 8,200 and 9,840 ft, for one or two years in order to obtain 
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additional information. In addition, data of observations on clouds at 9,840 
and 13,120 ft, above sea level were utilized in connection with movements of 
some of the winds. 

For every station under study, the relevancy of winds w^as scrutinized in 
relation to dates of appearance of the rust concerned at places of earlier attack, 
dates of local spore showers, if any, and those on which rust appeared on the 
crop. Full attention w^as also paid to negative data and details are supplied 
in a large number of tables in the text. 

3. Methods of study 

(i) Exposure of slides in spore traps 

At the request of the writer, the Director General of Observatories kindly 
arranged early in 1930 for the despatch of telegraphic messages from Poona to 
the Agra Observatory on those days during the cold w'eather, before the usual 
period of rust appearance, 'when winds 'were blowing from the Himalayas to the 
plains of the United Provinces. On the receipt of such messages microscope 
slides smeared with a little vaseline were sent up in spore traps on big hydrogen 
balloons from the Agra Observatory. A notice promising reward was attached 
to each balloon for its recovery. 

The mechanism of the spore trap used in these studies has been described 
by Chatter jee [1931]. By the courtesy of that author his article has been 
included as Appendix A to this monograph. 

(ii) Exposure of slides in wooden paddles from aeroplanes 

Preliminary tests were also made in 1931-32 by the exposure of slides in 
wooden paddles, kept closed in glass jars before and after the exposure, from 
aeroplanes by the courtesy of the Royal Air Force at Amballa and the Flying 
Club, Delhi. This method was adopted by Stakman, Henry, Curran and 
Christopher [1923] and also by Craigie and Greaney, as described by Gussow 
[1926]. A microscope slide smeared lightly with vaseline on the upper surface 
is fixed in a paddle and the paddle kept closed in a glass jar ready for exposure. 
The exposure is carried out by keeping the paddle stretched out for a specified 
period against the wind at any desired height during a flight. 

Only one spore was caught at an elevation of 4,000 ft. at Amballa and at 
Delhi several spores of all the three rusts were caught during December 1931 
to March 1932 at 1,500 to 2,000 ft. above ground before and after rust appear- 
ance. As stated above, this study could not be continued for want of satisfactory 
arrangements and also because no aeroplanes were available at Agra or any 
other station where frequent observations could be made on the outbreak of 
rusts. 

However, in March 1940 slides were again exposed in paddles from an 
aeroplane at Delhi to catch spores at different heights up to 10,000 ft. above 
ground and the data obtained from the examination of these slides are supplied 
in Table I. 

Photographs of the wooden paddle used in these studies and of a uredospore 
of black rust, caught at 5,000 ft. above ground at Delhi, which germinated when 
kept in a moist chamber, are shown in Plate I, 

lA 
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(m) Eoaposure of slides (cellophane strips) on kites and small halloons 

During 19S0-82 more slides were exposed in spore traps on big h37’drogen 
balloons, but as recorded in a later article [Mehta, 1938] for further study 
cellophane strips smeared with vaseline were used for catching spores from the 
air with the help of ordinary captive kites. This device had to be adopted 
because, in spore traps, slides could not be exposed for more than five minutes 
on an average and also because no arrangements could be made for the exposure 
of slides from day to day on aeroplanes at any station owing to exorbitant 
charges.^ Kite flights proved to be very satisfactory besides being inexpensive. 
Ordinarily, a kite was kept in the air for one to three hours at a stretch. In 
still air an ordinary toy-balloon filled with hydrogen was tied to the kite. 

In addition to the kites, small paper drums covered with cellophane strips 
smeared with vaseline and tied to a light bamboo frame were sent up with two 
toy-balloons, also kept captive. After exposure the cellophane strips were 
fixed on microscope slides with the help of half-slide labels pasted downwards 
for examination under the microscope. These devices are illustrated in Plate 


Data obtained from the study of slides exposed in spore traps, on kites and 
small balloons are given in Parts Two, Three and Four, dealing with the dissemina- 
tion of black, brown and yellow rusts respectively. 

(iv) Exposure of stationary slides in aero scapes 

This study was started in the 3^ear 1929-80. Since then the number of 
stations at which aeroscope-slides w^ere exposed was increased from time to 
time as facilities became available. These stations are shown in Map No. 1. 
During the first two years a half-slide aeroscope, shown in Plate I and kindly 
designed for the writer by G. Chatter jee, the Meteorologist-in-charge Upper-Air 
Observatory, Agra, was used. This pattern was later on replaced by the 
full-slide aeroscope, also shown in Plate I, which has been in use since 1981. 
It was constructed after the sample kindly supplied to the writer by Dr Giissow 
in 1980, then Dominion Botanist, Canada. This aeroscope, or a weather-vane 
type of spore trap, as it is called, was originally designed by ,Dr P. M. 
Siiiimonds and has been used by Canadian workers in the study of rust 
dissemination. In order to safeguard against removal of the aeroscope from 
its stand without tools the open nut of this pattern was replaced by a circular 
screw fitted to the metallic tube below the box. 

As stated above^ the aeroscope is a weather-vane type of spore catcher. The 
box of the aeroscop e has a sliding lid after the removal of which a microscope 
slide bearing the date of exposure and smeared with a thin layer of vaseline is 
inserted in the slot inside the box and the lid replaced. The aeroscope is fixed 
firmly to a wooden stand nearly 4 ft. above ground making sure that its box 
moves freely with the wind- 

A copy of the printed instructions issued to all stations selected for the 
exposure of slides in aeroscopes is included as Appendix B. Ordinarily, slides 
were changed at each station twice a week as it was not possible to arrange for 
daily exposures without considerably cutting down the number of stations or 
engaging additional staff for the examination of slides. As it is,* with the full 
number of stations nearly 2,000 slides had to be examined each year bv the rust 
researeh staff. 



PLATE I 



Fig. 


Fig. 2, Fig. 4. 

1. A wooden paddle for the exposure of a slide from an aeroplane closed in a glass jar. A i)addle 
of this type was originally used by workers in U.S.A. and Canada, as explained in the text. 

2. Micro-photograph of a germinating uredospore of black rust, caught on a slide exposed from 
an aeroplane near Delhi and kept in a moist chamber x App. 4CM3. 

a. Half-slide aeroscope, designed by G. Chatterjee, Meteorologist-in-charge, Upper-Air Observa- 
torj% Agra. 

4. Full slide aeroscope or a weather-vane type of spore trap originally designed by F. M. 
Simmonds and used by the Canadian workers. 




PLATE II 




1. A kite in action, designed by the writer. Two cellophane strips smeared with 
a little vaseline are pasted on the kite, which is kept a captive. Photograph shows the 
flag which is intended for calculating the height up to which the kite flies. 

2. A drum with cellophane strips tied to a bamboo frame sent up with a pair of toy 
baHoons. 
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It is necessary to point out that even daily exposures would not have solved 
the difficulty of scrutiny of spore showers in relation to winds of different heights. 
For instance, if there are simultaneous winds any day at more heights than one 
or on two to three consecutive days, and that is likely to happen frequently, 
it is not passible to say definitely which of them actually brought the inoculum 
to the station concerned. 

Slides received after exposure from all stations were examined after the 
addition of a few drops of liquid paraffin to clear the field under the microscope 
and also to separate spores that might have been sticking to dust particles. 

In order to enable every observer to distinguish spores of rusts of w'heat 
from others, a table showing the range of measurements and other characters 
of different rusts, including the black rust of oats and the rusts of jo^ar and 
hajra, i.e. P. purpurea (Cke.) and P. penniseti (Zimmerm.), w^as prepared at 
the commencement of these studies. As recorded in the previous monograph 
[Mehta, 1940], rye has been infected by two out of the six physiologic races 
of P. graminis tritici occurring in this country but so far P. graoninis secalis, the 
black rust of rye, has not been met with and with the exception of a very small 
area in the Punjab Hills, rye is not cultivated at all. For the facility of com- 
parison, in cases of doubt, slides were also prepared beforehand from fresh 
specimens of wheat rusts year after year. 

(u) Preparation and scrutiny of mind-trajectories 

It is necessary to point out that the printed instructions issued in connection 
with the exposure of aeroscope slides were not strictly followed at every station. 
In some cases the same slide was kept exposed for a week or more and occa- 
sionally slides were not exposed for several days at a stretch. At two stations 
the writer noticed that the board of the aeroscope "vyas so inclined that the 
weather-vane could not move. At another the vaselined surface of the slide 
was kept in the wrong direction and sometimes slides were received to which 
no vaseline had been applied at all. The real difficulty arose with regard to 
dates of first appearance of rusts from some of the stations and also with the 
identification of rusts. For instance, samples of loose smut of wheat were 
supplied in place of black rust and collections labelled as brown rust turned out 
to be those of black on examination by the writer or a meznber of the rust 
research staff. Once even yellow rust was mistaken for brown. With regard 
to the accuracy of the dates of rust appearance, as communicated from some 
of the stations, the writer is in great doubt and it seems that freV^uent observa- 
tions were not made on the crops at these places at all. Often the rust in 
question had appeared several days before the date of observation because the 
writer or a member of the rust research staff on tour, who happened to visit 
those stations on such dates, found well-advanced infection. With this diffi- 
culty in view, wind-trajectories were prepared some times for slightly longer 
periods, but it was not possible to do so when the information about rust appear- 
ance was received after several reminders and simply stated that the rust in 
question appeared in the second or third week of a particular month. 
Occasionally, the reply stated that observation was made on a certain date and 
probably the rust appeared on that very day. However, information regard- 
ing the dates of rust appearance received from the Provincial Stations of 
Agricultural Research and a few others should be reliable on the whole. 

In general, wherever heavy infection (70 per cent or above) was observed 
locally by a member of the rust research sta^ff within a week or so of the reported 
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date of rust appearance, the date of the initial outbreak at that station was 
put back by three to four weeks for the purpose of preparation of wind-trajec- 
tories. Similarly, an allowance of 10 to 15 days was made for cases of 20 to 50 
per cent crop infection. 

For a preliminary study of rust dissemination trajectories were prepared 
for winds at 1,640 ft. above ground for 29 stations on the basis of data obtained 
from the examination of aeroscope-slides and of dates of rust appearance during 
1932-33. The names of those stations are : 

Lyallpur, Gurdaspur, Hoshiarpur, Rawalpindi, Simla, Sakrand, Agra, 
Kanpore, Gorakhpur, Nawabgunj (Bareilly), Almora, Pusa, Patna, Sabour, 
Ajmer, Jubbulpore, Khandwa, Dharwar, Poona, Niphad, Arbh^vi, Dohad, 
Baroda, Mehsana, Parbhani, Bangalore, Mysore, Chitaldroog and Coimbatore. 

In view of the differences in the altitudes of the above stations it was 
decided to have wind-trajectories prepared only for standard heights above sea 
level. More trajectories were, therefore, prepared for six representative stations, 
Lyallpur, Hoshiarpur, Agra, Pusa, Sabour and Jubbulpore for winds at 1,640 
ft. and 3,280 ft. above sea level for the study of dissemination of black rust. 
Fresh trajectories were also prepared for Lyallpur, Agra, Pusa and Sabour for 
brown and yellow rusts. For black rust trajectories for three more stations, 
Poona, Chitaldroog and Dharwar, each with an altitude of more than J,640 ft., 
were added later for winds at 3,280 ft. above sea level. Whereas on scrutiny of 
the above trajectories several winds were found to have passed over a station 
or stations of earlier rust appearance, it was felt necessary to obtain data of winds 
at higher levels also for the sake of fuller infoimation. 

Fresh wind-trajectories for 1932-33 w^ere, therefore, prepared on separate 
maps for six out of the nine stations mentioned above for winds at 1,640, 3,280, 
4,920 and 6,560 ft. above sea level. For Poona, Dharwar and Chitaldroog 
trajectories were prepared only for the last three heights. 

As stated above, in subsequent years trajectories were prepared only for 
standard heights above sea level. The maximum number of representative 
stations selected for any year, taking the three rusts together, was 20. 
Excepting once no trajectories were prepared in connection with a rust or rusts 
that did not appear or for which information could not be obtained from the 
station concerned. Stations for which wind-trajectories were prepared for 
standard heights during 1932-38 are shown in Map No. 1. 

With regard to wind observations plotted on Working Charts of the 
Meteorological Office, Poona, it is important to note that up to the end of 
February, 1987, these charts generally gave information regarding morning winds 
only. With effect from March 1, 1937 afternoon charts based on observations 
made at 17 hours (Indian Standard Time), were also prepared regularly. A 
list of Pilot Balloon Observatories, the wind observations of which were utilized 
for drawing the wind-trajectories for this study, a list of stations for which 
trajectories were prepared and other information kindly supplied by the Superin- 
tending Meteorologist, Upper-Air Observatory, Agra, are given in Appendix C. 

Data of all the wind-trajectories were tabulated, including dates of appear- 
ance of the rust concerned at the stations under study as well as information, 
if available, about the dates of rust outbreaks at places on the way and those 
wherefrom winds were traceable. On scrutiny, only such winds were regarded 
‘relevant* as had started from or passed over one or more stations where the 
rust in question had appeared at least 15 days earlier than the dates of the 
winds concerned. Ordinarily, the amount of inoculum after only 15 days from 
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the date of initial outbreak at any station should' not be large enough for dis- 
semination but this may happen in the event of simultaneous infection of a 
large number of plants, due to a heavy spore shower. Besides, in this country 
nearly 80 per cent area of wheat cultivation is covered by the highly suscey)tible 
indigenous {di;si) varieties and the actual dates of rust appearance, as reported 
from some of the stations, might have been a week or two earlier. For these 
reasons, it was felt necessary to fix the minimum period for relevancy of winds 
at 15 days. 

Similar procedure was follow^ed regarding winds which were traceable from 
hill stations where the rust in question had repeatedly been found to over- 
summer or had been observed in an advanced stage, due to early sowings. Such 
winds were taken as ‘ possibly relevant ’ only for want of information about the 
actual dates of rust appearance in those areas. No arrangements could be 
made for the supply of information regarding dates of appearance of rusts from 
most of the hilly areas on account of the absence of local scientific staff. 

•Every ‘ relevant ’ and ‘ possibly relevant ’ wind-trajectory was further 
scrutinized in relation to spore showers, if any, at the stations under study and 
the date of appearance of the rust concerned, making allowance for the incuba- 
tion period. In the scrutiny of all spore showers due attention was’paid to the 
heights of winds concerned, keeping also in view the approximate time that 
spores would take in settling down to the ground level. This is fully explained 
under sub-head 10 (ii) of Part Two, with special reference to winds of each 
height. 

All records of rust appearance at the stations under study, for wdiich there 
were no ‘ relevant ’ winds but spore showers had occurred well before rust 
appearance, w^ere also scrutinized in order to find out if those spore showers could 
be attributed to ‘possibly relevant ’ winds, i.e. those which came from the hills. 
It is understood that where, after scrutiny, even ‘ possibly relevant ’ winds 
were not found spore showers must have been caused either by such winds from 
the hills as blew during the intervals between daily meteorological observa- 
tions or those that had passed over stations of earlier outbreaks in the plains 
about which no information ■was available regarding the date of appearance of 
the rust concerned. 

After careful tabulation of necessary data the information recorded in 
different columns was scrutinized by a person or persons other than the one 
who had made the various entries. The interpretation regarding the relevancy 
of each wind-trajectory was further checked by the writer himself. 

It has already been recorded by the writer [Mehta, 1940] that owing to the 
presence of an early crop at higher altitudes in the Nilgiris and Palni Hills 
air the three rusts of wheat are found in. plenty from August onwards and con- 
sequently there is enough inoculum in those areas during October when w^heat 
is sown in the plains of Peninsular India. As there is no -w^heat cultivation in 
the plains of the southern part of Mysore State situated to the north of the 
Nilgiris, it w'as necessary to connect "this area with the districts of Hasan and 
Chitaldroog by growing w^heat in miniature plots at Mandya. Another miniature 
plot was arranged for at Bangalore. Sowings were made in these plots nearly 
two months ahead of the normal period so that if rusts appeared in them, prior 
to or at the time of normal sowings in other parts of Peninsular India, there 
may be no doubt regarding their dissemination from the Nilgiris and Palni 
Hills. A minia-ture plot was also started in 1937 at Coimbatore, situated at the 
foot of the Nilgiris on the south, and wheat was sown there once every month 
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from June to October. Arrangements for these plots were kindly made by 
the local authorities at the request of the writer who supplied seed of Agra local 
wheat, a variety that had been found by him to be very susceptible to each of 
the physiologfc races of all the three rusts. 

During the course of these studies no arrangements could be made for the 
survey of rusts in Afghanistan and Baluchistan nor could any information be 
obtained, except from Quetta, regarding the dates of rust apnearance from 
either of those countries for want of local scientific staff. The same applies to 
Bhutan and Sikkim in the Himalayan range situated to the north of Bengal. 
These countries are not open to visitors without special permission of the 
governments concerned and considering the other difficulties travelling is not 
possible except for a party Mly equipped. 

Observations on the incidence of rusts were, however, made in Nepal with 
special permission given by its government to a member of the rust research 
staff for casual visits to specified parts of that country. 

With regard to the interpretation of wind-trajectories the writer had frequent 
opportunities of consulting the Sunerintending Meteorologist of the Agra 
Observatory as well as the Agricultural Meteorologist at Poona. 

Before writing up this monograph the wiiter also had the benefit of 
a scrutiny of wind-curves, selected at random, -by a leading statistician of the 
Statistical Laboratory at Calcutta. 

The remarks of the meteorologists and the statistician, referred to above, 
have been carefully considered and kept in view during the final scrutiny of 
data regarding ‘ relevant ’ and ‘ possibly relevant ’ winds as well as spore 
showers. 

The wTiter [Mehta, 1939] gave an illustrated account of this study while 
opening a discussion on the Dissemination of Cereal Rusts in India before the 
Botany Section of the Jubilee Session of the Indian Science Congress 1938, 
details of which are supplied in various parts of this monograph. 

It seems necessary to point out that in a country of the size of India and 
for want of local facilities for meteorological data at most cf the stations fuller 
information for this study could be obtained only by the appointment of dozens 
of assistants who could be posted in different. areas. In view of the auxiliary 
nature of the study of wind-trajectories, it was difficult for the writer to make 
out a case for so many appointments when work on the lines detailed above 
had not been attempted elsewhere, including Europe and North America. It 
will be clear, however, from Map No. 1 that the country wes linked by a large 
number of representative stations where stationary slides were exposed and 
observations on the incidence of ntsts were also made at several other places. 
It would, however, be incorrect to state that the information obtained regard- 
ing., dates of rust appearance is the fullest possible for each of the large areas, 
much less for each district or locality. A good deal more could be done if 
facilities were also available in each Province or State for the exposure of slides 
at different heights on aeroplanes but this was not possible because of excessive 
cost and the absence of aeroplanes in most of them. 
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Table I 

Study of slides exposed on Aeroplanes at Delki 


Serial 

number 

Date of 
exposure 

Height 
reached in 
feet 
above 
Delhi* 

Period of 
^ exposure 
in minutes 


Spores caught 

1 

Black rust 

Brovm rust 

Yellow rust 


1931-32 



- ' 



1 

December 23 

2,000 

15 - 

1 

5 

. 0 

2 

January 6 

2,000 

15 

0 

0 

0 

3 

Februaiy4 

2,000 

15 

1 

1 

0 

4 

February 9 

1,500 

15 

0 

0 

1 

0 

5 

February 24 

2,000 

15 

0 

0 

0 

6 

Marchs 

1,500 

15 i 

4 , . 

0 

26 • 

7 

1 March 7 

1,500 1 

15 

6 

3 

15 

8 

March 17 

2,000 

15 

0 

I 

0 


1939-40 

j 

! 





1 

March 13 

1,500-5,000 

5 

0 

2 

0 

2 


5,000' 

15 

3 

5 

3 

3 


5,000-10,000 

17 

2 

0 

1 

4 



10,000 

15 

6 1 

i 

0 

1 

5 


10,000-5,000 

8 

1 

2 j 

0 

0 

6 

n 

5,000-1,500 

5 

0 

2 

0 

7 

" 

1,500— ground 

2 j 

0 

0 

0 


The aerodrome at Delhi is 700 ft, above sea level 
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PART TWO 

Dissemination of Pucclnla gr&minis Pets. 

6. Review of litebatuee 

Reference has already been made to preliminary experiments carried out 
by Stakman and others [1923] for catching spores of ■Puceinia graminis, the 
black stem-rust, from the upper-air in the United States. 

Giissow [1026] gave an account of spore trapping experiments with aero- 
planes as well as of the study of stationary slides exposed in the weather-vane 
type of spore traps at several stations in Canada ; he arrix^ed at the following 
conclusion : 

‘ Almost in proportion as the station is situated further ivest or north, the 
amount of inoculum is gradually diminished and the date of the arrival of rust 
is 'retarded This 'work suggests that the source of infection wHth black rust 
is blown by southerly winds from the United States to Canada, w'here there is 
no overwintering of uredospores of black stem-rust. 

Bailey and Craigie [1926] stated that spores of P. graminis are carried by 
wind for considerable distances from their place of origin. 

Craigie [1926] obserx^ed that the iritial rust infections in Manitoba each 
year are caused by wind-borne spores from the south. 

Roussakov [1926] remarked that in the Amur region (U. S. S. R.) spring 
infection of the local wheat crop wdth black rust is probably caused by spores 
brought from distant places by air currents. 

Shitikova-Roussakova [1927] gave a similar explanation of the spread of 
P. graminis by uredospores from North Manchuria, where it is able to overwinter, 
to the Amur region of the U. S. S. R. 

Similarly, Stakman [1927] pointed out the possibility of the infection of 
cereals by uredospores of stem-rust blown by southerly winds to the north of 
the United States, where this rust cannot overwinter in the uredostage. Stakman, 
Kempton and Hutton [1927] also referred to the spread of black rust from the 
south, where it is aole to overwinter in the uredostage, to the.' barberry-eradication 
area in the north of the United States. 

In Manitoba, as reported by Giissow [1928], a critical examination of the 
air above wheat fields was carried out W'ith spore traps for a period of three 
years and the data obtained were significant in so far as spores were canght, 
each year before any rust was found locally. This author observed further that 
the time at w^hich spores were trapped bore a definite relationship to the stage 
of rust development further south and concluded that infections with stem-rust 
in the Western Canada were caused each year by wind-borne spores from farther 
south. 

In the following year, Popp and Craigie [1929] reported heavy spore showers 
over Manitoba two wrecks before the local outbreak of stem-rust and they 
observed that the West-Central States of the United States- were the probable 
source of that inoculum. The number of spores caught at Winnipeg tw’o weeks 
before rust appeaxance, as recorded by these authors, was 266 on one stationary 
slide* 
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FUETHEB. STUDIES OK CEBEAL BUSTS IN INDIA 

The i^Titer [Mehta, 1929] stated that in India the source of annual .out- 
breaks of black rust lies in the hills. 

Lambert [1929] observed that there is circumstantial evidence of rust being 
blown several hundred miles from a severely infected area and that southerly 
winds have been known to sw^eep u the Mississippi valley, at the time when 
stem-rust is most plentiful in the south, with sufficient velocity to carry spores 
from Texas to the spring -wheat area in less than three days. 

Reference may here be made to chapter V of Plant Rusts by Arthur and 
his collaborators [1929]. 

Later on, Peturson [19S0] recorded the outbreak of stem-rust at Manitoba 
20 days after the date on which spores were caught on a stationary slide. This 
author also remarked that there* were no definite spore showers in the summer of 
1930 but a light sprinkling of spores was gradually, coming from the south. 

Stakman [1931] stated that enormous number of rust spores are carried 
into the upper -air currents and may be disseminated over wide areas and that 
under certain conditions uredospores may be blown from southern Texas into 
the Dakotas and Minnesota, a distance of yearly },100 miles, in 48 hours. From 
the studies carried out in the United States, this author concluded that in some 
years uredospores are blown from the south to the north early enough in the 
season to cause rust epidemics from this source alone. 

The writer [Mehta, 193) ; 1, 2] after nearly seven years’ study of the 
incidence of rusts in plains as w'ell as the hills of India reported tha-t the few 
viable uredospores occurring at harvest time in the plains are killed during the 
intensely hot summer (May to June) that follow^s. Consequently, there is no 
local source of infection in the plains when the new crops are sowm. Further, 
that rust outbreaks are probably caused in the plains annually by wind-borne 
infection starting from the hills, where each of the three rusts of wheat had 
been found to oversummer in the uredostage. It was also recorded that uredo- 
spores of black rust were caught at Agra on a baboon as well as on a stationary 
slide well before the appearance of that rust in 1930. 

Sbitikova-Roussakova (1932) again stressed the importance of the study of 
wind currents in connection with the spread of cereal rusts. Her observations 
on the distribution of rust spores in the atmosphere were based on seven years’ 
study in different parts of the U. S. S. R. and refer particularly to those areas 
where the role of intermediate hosts is of secondary importance and where 
winter crops of cereals are not available for the hibernation of the rust 
fungi. 

Stakman, Hines, Ukkelberg and Butler [1932] stated that the data from 
spore trap exposures and observations on the northward spread of rust during 
1929-31 indicated that uredospores of five forms (physiologic races) common 
during spring in Texas w'ere carried northwards by high winds from that area, 
where some of them had apparently overwintered in the, uredostage. 

Ukkelberg [1933] studied the rate of fall of uredospores of four cereal rusts 
and found the differences to be statistically significant. In the case of black 
stem-rust of wheat the average rate of fall in still air was recorded by this author 
to be 0.03 mm. per second and he also observed that the clusters of 

spores fall at a higher rate, as one would expect. This author also stated that 
the average theoretical dispersal distance of uredospores of black rust of wheat 
from an altitude of 5,000 ft. and carried by a 30-mile wind was found to be 
1,1 00 miles. 



FtJETHEE STUDIES ON CEEEAU EUSTS IN INDIA it 

Scheibe [1983] suggested that the dissemination of black rust of wheat takes 
place by* strong winds from the south or south-east to the Balkans from unknowm 
centres of overwintering. 

On the basis of three years’ study of rust dissemination, the writer [Mehta, 
1988] observed that spores of black rust were caught at several stations, well 
before its' appearance on the local wheat crop. 

Stakman [1984] again observed that black stem-rust usually survives the 
mild winter of southern Texas in the uredostage and also referred to the 
inoculum^ being blown from Mexico. He stated that uredospores may be carried 
by wind trom Mexico and Texas, as shown by the results of spore trapping and 
other observations. Reference “was also made by him to large numbers of spores 
being caught at the level of growing plants in southern Minnesota, and in one 
case as many as 800 spores were recorded per squ^e foot during a strong southerly 
wind in advance of local rust development. He concluded, therefore, that the 
efficacj^ of wund as an agent of long-distance dissemination was established. 

Brooks [1985] while reviewing recent wurk on epiden:iiology of rusts 
summarized the contributions from Australia, Kenya Colony, the United 
States, Canada as well as the wTiter’s observations with regard to the foci in 
India, which need not be repeated here. 

Again- in his report on stem-rust for the year 1935 and summary report of 
rust epidemiology studies in 1987-88, both not yet published, Stakman stated 
that the red or summer stage (uredostage) of stem-rust overwinters nearly every 
year in ^southern Texas and occasionally in northern Texas as well and that 
barberry-eradication will not entirely eliminate rust because of spores being 
blowm from Texas or surrounding States. With regard to the epidemic of 1987 
this author stated that most likely the source was southern Mexico. 

While discussing the epidemiology and dissemination of black rust Lehmann, 
Kummer and Dannenmann [1937] have summarized the contributions of several 
workers from other parts of the w’orld up to that year and it is unnecessary, 
therefore, to repeat them here. 

Savulescu [1938] observed that in Rumania, the principal source of infection 
with all the three rusts are the air-borne uredospores from the surrounding 
wheat-growing countries and that observations had established a direct relation- 
ship between the direction of the prevailing winds during the critical period 
for infection and the severity of rust outbreaks in different years. 

The writer [Mehta, 1989] stated that although it was not possible to explain 
the source of rust outbreaks for the whole of India, two important foci had been 
located wherefrom rusts spread to the plains rather early in the season year 
after year. ' 

Builer [1989] remarked that in wrestern Canada there are no barberry bushes 
and yet wheat is attacked every year by P. graminis. According to him the 
source of infection consists of clouds of uredospores which are carried by winds 
for hundreds of miles from the middle western parts of the United States, 

Craigie [1989] stated that south winds blow the spores directly into Manitoba 
and the heavier the infection in the upper Mississippi valley the greater are 
the chances of many spores being blowm into Manitoba and of heavy infection 
occurring in that Province. Again, while referring to the sources of black 
stem-rust in North America, Craigie [1940] pointed out that overwintering of 
this rust in the uredostage is not known deJtoitely to occur in Canada or the 
northern tJnited States and that the most important overwintering area is the 
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state of Texas. Oyerwintering in the uredostage in Mexico also has been referred 
to by this author. Further, he has stated that strong winds passing over a large 
rust-infected area pick up and carry along enomious numbers of spores thus 
causing at rather distant points the so-called spore showers. Such showers, 
for example, in western Canada occur after a day or two of strong south winds. 

Recently, Stakman, Popham and Cassell [1940] obseiwed that as shown by 
the study of spores in the air and subsequent development of black-stem rust 
there is sometimes a seasonal interchange of rust between the United States 
and northern Mexico. 

7. Study of r^jst dissemination with the help of aeeoscope-slides 

For this study stationary slides were exposed in aeroscopes at four stations 
in 1929 to 1980 and this number was added to from time to time as facilities 
became available. Exposure of slides had to be suspended or stopped at some 
of the stations either because arrangements* for their continuity could not be 
made or due to the selection of a more suitable station in the same area. Slides 
were exposed at 62 representative stations but the maximimi number in any 
year did not exceed 54. These stations are shown in Map No. 1, 

It may be mentioned that in addition to the uredospores of one or more 
rusts of wheat; pollen grains, spores of smuts, Alternaria, Puccmiapenniseti, 
P. graminis avence and P. purpurea were caught occasionally. The last three 
were found only on slides exposed at some of the stations in the south. ^None of 
the slides examined so far has shown aecidiospores although teleutospores were 
caught on some. 

For the sake k>i convenience of reference and in order to avoid presentation 
of data in crowded Tables, information relating to spore showers and the dates 
of appearance of each of the three rusts is given in separate parts of this mono- 
graph. 

Full information regarding spore showers and dates of appearance of black 
rust is given in Tables II and III. 

8. Study of balloon and kite-slides 

Spore catching experiments with the help of balloons and kites were carried 
out only at the Agra Observatory and the data obtained from this study are 
given in Table IV. * 

9. Study of dissemination with The help of wuND-TBAaECTOBiEs 

During 1932 to 1938, 4,966 wind- trajectories were studied in connection 
with the dissemination* of black rust to representative stations. As stated in 
Part One, the relevancy of these winds was carefully scrutinized in relation to 
spore showers and the dates of rust appearance at these stations. 

In order to economize space as well as to avoid repetition of illustrations 
only representative wind-trajectories have been reproduced on Map Nos. 2-46. 
Full details regarding these wind-trajectories, dates of spore showers, if any, 
and dates of rust appearance are supplied as foot-notes to the maps. 

Data given in Map Nos. 2-46 have been summarized in Table V, wherein 
dates of spore showers, if any 14 to 10 days or so before rust appearance have 
also been recorded. : * 
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3. LYAULPUR (605 ft. above sea level). BLACK RUST. ORIGINAL IVIAP No. 88. 

Date and heights of trajectories in feet ... April 4, 1988 : A — 1640, 

B— 3280, 

C— 4920. 

Dates of spore shower ... ... ... Slides were not exposed after April 4. 

Date of rust appearance ... ... April 20,1933. 

A & B — ^Tho winds were traceable froiii Siwalik range and passed over Hoshiarpnr where 
black rust had appeared by the middle of March 1933. 

C—The wind entered the country on April .1 and passed over Mehsana and Ajmer on April 3 
where black rust had appeared in the first week of February and on March 11 
respectively. 

3. HOSHIARPUR (702 ft. above sea level) BLACK RUST. ORIGINAL MAP No. 919. 

Date and height of trajectory in feet ... January 28, 1935. C~4920. 

Dates of spore showers soon after the -wind ... January 29 — ^February 1 & FebmaVy 1—4. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... February 1 — 4. 

Date of rust appearance ... First half of February 1935. 

C--The wind entered the country on January 25 and' passed near Cawnpore on January 27 
where black rust had appeared in the X’roas week of 1934. 
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MAP NO. 4 



4. KAKXAIi (900 ft. above sea level), BLACK RUST. ORIGINAL MAP No. 1,589. 

Date and heights of tiajectories in feet ... February 26, 1937 : A — 1640, 

B— 3280, 

C— 4920. 

Date?-, of spore showers ... ... ... February 25 — ^March 1** & March 1 — 4. 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... March 1 — 4. 

Date of rust appearance ... ... March 12, 1937. 

A. — ^The wind was traceable from Bihar border, passed near ^Benares where up to lO per 
cent crop infection was found on February 18 — 19 and near Allahabad where 
black rust had appeared on February 2. 

B — ^The wind was traceable from C.P. and passed, near Jhansi where up to 40 per cent crop 
infection was observed on February 21. 

C — The wind entered Gujrat, passed near Amreli and Jagudan where black rust had appeared 
on December 20, 1936 and January 29, 1937 respectively and near Mehsana 
where up to 100 per cent crop infection was observed on February 6, 1937. 

** The spore shower might have occurred on February 25, due to some earlier wind. 

5. SAKRANB (120 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,601 

Date and height of trajectory in feet ... February 23, 1937 : A — 1640. 

Dates of spore shower soon after the wind ... February 25 — 28. 

Dates of spore showers 14 — 10 days before rust 
appearance ... ... ... February 28 — March 1 & March 1—4. 

Date of rust appearance ... ... March 13, 19.37. 

At— The wind was traceable from the foot-hills of Nepal on February 21, 1937 and in central 
Nepal nearly 30 per cent crop infection with black rust was observed on December 
6, 1936. 




6. SAKRAND {120 ft. above sea level). BLACK RUST. ORIGINAL MAP Nos. 778 & 779. 

Date and heights of trajectories in feet ... February 11, 1935 : B— 3280, 

C~4920. 

Dates of spore shower soon after the winds ... No spores were caught. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... February 21 — 24. 

Date of rust appearance ... ... March 4, 1935 (on March 7, 5 — ^20 per 

cent crop infection was observed). 

B — ^The wind was traceable from Baluchistan and passed over Cawnpore on February 8 
and near Niphad on February 10 where black rust had appeared in X’man week 
of 1934 and on January 27, 1935 respectively. 

C — The wind entered the country on February 6 and passed over Poona on February 9 
where black rust had appeared in the second week of January 1935. 

7. AGRA (554 ft. above sea lex'el). BLACK RUST. ORIGINAL MAP No. 1,635. 

Date and heights of trajectories in feet ... February 5, 1937 : A — 1640, 

B—3280. 

Dates of spore showers soon after the winds ... February 6 — 9 & 9 — 12, 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... February 9— 12. 

Date of rust appearance ... ... February 24, 1937. 

A— The wind was traceable from eastern Nepal and passed near Gorakhpur where black 
rust was observed in traces on January 5 — 6, 1937 and near Fyzahad where the 
rust had appeared in the 4th week of December, 1936- 

B-— The wind was traceable from central Nepal hills where nearly 30 per cent crop infec- 
tion with black rust was observed on December 6, 1936. 
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MAP NO. 9 


MAP NO. 8 



8. AOna (551 ft. above sea level). BIACK RUST. ORIGINAL MAP No. l,d8o‘. 

Bate and heigM of trajectory in feet February “G, 1937 : C— 4020. 

Dates cf spore showers soon after the wind ... February 6 — ^9 & 9—12. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... . ... February 9 — 12. 

Date of rust appearance ... * ... February 24, 1937. 

C— The wind entered the country on February 5 and passod over Niphad where black rust 
had appeared on December 3 , 1936 . 

9. AGRA (551 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 2,175. 

Date and height of trajectory in feet ... January 31, 1938 : D— 6500. 

Dates of spore shower soon after the wind ... No spores were caught. 

Date of rust appearance ... ... February 19, 1938. 

D -The wind entered the country on January 29 and passed near Niphad on January 30 
where black rust had appeared on January 2. 
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MAP NOS. 10 to 13 map NO. 14 



BLACXi: RUST. 

10 to 13. GORAKHPUR (257 ft. above sea level). ORIGINAL MAP Nos. 1,657—1,660. 


Dates and heights of trajectories in feet ... December 13, 14, 15 & 16, 1936 : 

D— 6560, 

A- 1640, 

C-4920, 

B— 3280. 

Dates of spore shower soon aft.er winds • ... December 17—20. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... December 23— 26. 

Date of rust appearance ... ... No information (Traces on January 5 — 6, 

1937). 

A, B, C & D — ^The winds were traceable from central Nepal where nearly 30 per cent crop, 
infection with black rust was observed on 'December 6, 1936. 

14, PUSA (188 ft. above sea level). BLACK RUST. ORIGINAL MAP Nos. 832, 833, 
, 834 & 835. 

Date and heights of trajectories in feet ... January 7, 1935 : A — ^1640, 

B— 3280, 

C— 4920j 
D— 6560. 

Dates of spore showers soon after the winds .... January 7 — 10 & 10 — 14. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... January 21— 24. 

Date of rust appearance ... ... January 31, 1935. 

A, B, C & D — ^The winds were coming through central Nepal where 10 — 20 per cent crop 
infection with black rust 'was observed at different places on December 23, 1934. 
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m NO. 15 • MAP NO- 16^- 



15. PUSA (188 ffc. above sea level;, BLACK RUST. ORIGINAL MAP No. 1 ,702. 

Date and heights of trajectories in feet January 23, 1937 : A — 1640, 

B— 3280, 

C— 4920, 

D— 6560. 

Dates of spore showers ... ... ... January 22 — ^26, ** 26 — 29. 

Dates of spore shower 14 — 10 days before njst 
appearance ... ... ... January 29 — February 2. 

Date of rust appearance ... ... February 11, 1937. 

A & C— The winds were traceable from western Nepal and passed near Gorakhpur where 
black rust was observed in traces on January 5 — 6, 1937. 

B & D — ^The winds were traceable from Simla hills and passed over Gorakhpur where black 
rust was observed in traces on January 5—6, 1937. 

The spore shower might have occurred on January 22, dne to some earlier wind. 




16. SABOUR (122 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 156. 

Date and height of trajectory in feet above sea 
levJ ... ... ^ ... ... February 15, 1933 : A — 1640. 

Dates of spore shower soon after the wind ... February 16 — 19. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... February 16— 19. 

Date of rust appearance ... ... March 1st week, 1933. 

A— The wind was traceable from central Nepal and passed over Gorakhpur where black 
rust bad appeared on January 10, 1933. 



MAP NO. 17 


MAP NO. 18 



17. SABOUR (122 ft. above sea level). BLACK RUST. ORIGINAL MAP Nos. 784 & 785. 

Date and heights of trajectories in feet ... February 14, 1935 : B — 3280, 

C--4920, 

D— 6500. 

Dates of spore showers soon after the winds ... February 14—18 & IS — 21. 

Dates of spore shower 14 -10 days before rust 
appearance ... ... ... February 25 — 28. 

Date of rust appearance ... ... March 8, 1935. 

B — The wind passed through central Nepal where 10 — 20 per cent crop infection with 
black rust was observed at different places on December 23, 1934 and near 
Gonda, Gorakhpur and Patna where this mst had appeared on January 27, 28 
and in the 4th week of January 1935 respectively. 

C — ^Xhe wind was traceable from central Nepal where 10 — 20 per cent crop infection with 
black rust was observed at different places on December 23, 1934 and passed 
near Gonda where it had appeared on January 27, 1935. 

0 — ^Xhe wind was traceable from central Nepal where 10— 20 per cent crop infection with 
black rust was observed on December 23, 1934. 

18. MYMENSINGH (62 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,757. 

Date and height of trajectory in feet ... January 8, 1937 : A— 1640. 

Dates of spore shower ... ... ... Slides were not exposed. 

Date of rust appearance ... ... Did not appear (On February 15 traces 

to 3 per cent crop infection was observ- 
ed in this district). 

A — The wind was traceable from central Nepal where nearly 30 per cent crop infection with 
black rust was observed on December 6, 1936. 
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29. MYMENSINGH (62 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,760. 

Date and heights of trajectories in feet ... January 20, 1927 : B~3280, 

D— 6560. 

Dates of spore shower ... ... ... ^Slides were not exposed. 

Date of rust appearance ... ... Did not appear (On February 15 traces 

to 3 per cent crop infection was observ- 
ed in this district). 

B — The wind \*as traceable from central Nepal, where nearly 30 per cent crop infection 
with black rust was observed on December 6, 1936, and passed near Gorakhpur 
where this rust was observed in traces on January 5 — 6, 1937. 

D — The wind was traceable from central Nepal where nearly 30 per cent crop infection 
with black rust was observed on December 6, 1936. 

20. MYMENSINGH (62 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,768. 

Date and height of trajectory in feet ... January 19, 1937 : 4920. 

Dates of spore shower ... ... ... Slides were not exposed. 

Date of rust appearance ... ... Did not appear {On February 15, traces 

to 3 per cent crop infection was 
observed in this district). 

C — ^The wind was traceable from central Nepal where nearly 30 per cent crop infection 
with black rust was observed on December 6, 1936. 

21. DHUBRI (115 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,784. 

Date and heights of trajectories in feet ... December 16, 1936 : C-~4920, 

D— 6560. 

Dates of spore shower ... ... ... Slides were not exposed. 

Date of rust appearance ... ... No information (On January 23, 1 to 25 

per cent crop infection was observed.) 

C & D — ^The winds were traceable from central Nepal where nearly 30 per cent crop infec- 
tion with black rust was observed on December 6, 1936. 




22. JUBBO.PORE (1,289 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 917. 

Date and height of trajectory in feet ... January 28, 1935 ; A — 1640. 

Dates of spore showers ... ... ... January 27 — 31 & January 31 — 

February 3. 

Dates of spore showers 34-10 days before rust 
appearance ... ... ... January 31 — February 3 & February 3 — ^7, 

Date of ru.st appearance ... ... February 17, 1935. 

A — ^The wind entered the country on January 25 and passed over Pottangi the same day 
where 1 per cent crop infection with black rust was observed on January 8 — 9, 
1935. 

^*The spore shower might have occurred on January 27, due to some earlier wind. 


23. JUBBULPORF. (1,289 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 914. 

Date and height of trajectory jn feet ... January 27, 1933 ; B — 3280. 

Dates of spare show'ers soon after the wind ... January 27 — 31 & January 31 — 

February 3. 

Dates of spore show^ers 14 — 10 days before rust 
appearance ... ... . . . J anuary 31— February 3 & February 3—7 . 

Date of rust appearance ... ... February 17, 1935. 

B — The wind entered the country on January 25 and passed near Pottangi where 1 per 
cent crop infection with black rust was observed on January 8 — 9, 1935, 
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24. JUBBULPORE (1,289 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,226. 

Date and heights of trajectories in feet ... January 23, 1936 : C — 4920, 

D—6560. 

Dates of spore shower soon after the winds ... January 25 — 29. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... February 1 — 4. 

Date of rust appearance ... ... February 27, 1936 (Traces in middle 

of February 1936). 

C— The wind was traceable from the sea-coast and passed near Mahableshwar where moder- 
ate crop infection with black rust was observed on January 5, 1936 and over 
Poona where black rust had appeared on December 23, 1935. 

D — ^The wind was traceable from the sea-coast and passed near Poona where black rust 
had appeared on December 28, 1935. 

25. KHAND^’VA (1,044 ft. above .sea level). BLACK RUST. ORIGINAL MAP No. 336. 

Dale and height oi trajectory in feet ... January 2, 1934 : A— 1640. 

Dates of spore showers soon after the wind ... January 2 — 6 & 6 — 9. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... January 16 — 20. 

Date of rust appearance ... ... January 30, 1934. 

A — The wind was traceable from tbe eastern border of Hyderabad State and passed over 
Bellary where up to 40 per cent crop infection was observed on December 11, 
1933. 
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26. KHANDWA(l,Oi4 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 360, 

Date and height of trajectory in feet ... January 10, 1934 : B — 3280. 

Dates of spore shower ... ... ... January 9 — 1.3**. 

Dates of spore shower 14—10 days before rust 

appearance ... ... ... January 16 — 20. 

Date of nist appearance ... ... January 30, 1934. 

B--The wind entered the country* from the Bay of Bengal on January T and passed over 
Pottangi the same day where 100 per cent crop infection with black rust was 
observed on January 13—14, 1934. 

**The spore shower might have occurred on January 9, due to some earlier wind. 


27. KHANDWA (1,044 ft. above sea level). BLACK RUST. ORIGINAL MAP Nos. 309 & 

3S4. 

Date and heights of trajectories in feet ... January 4, 1934 : C —4920, 

D--6560. 

Dates of spore showers soon after the winds ... January 6 — 9 & 9 — 13. 

Dates of spore shower 1^1 — 10 days before rust 
appearance ... ... ... January 16 — 20. 

Date of rust appearance ... ... January 30, 193t. 

C — ^The wind entered the country from the Bay of Bengal on January 2 and passed near 
Bellary where up to 40 per cent crop infection was observed on December 11, 
1933. 

D— The wind entered the country from the Bay of Bengal on January 1 and passed over 
BcUary on January 2 where up to 40 per cent crop infection was observed on 
Defrember 11, 1988. 
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28. POONA (1,834 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,343. 

Date and heigjlit of trajectory in feet ... November 29, 1935 : B — 32S0. 

Dates of spore siiowers ... ... ... November 28 — December 2t & December, 

2—5. 

Dates of spore shower 14 — 10 days before rfist 
appearance ... ... ... December 9—12, 1935. 

Date of rust appearance ... ... December 23, 19.35. 

B — ^The wind entered the country from the Bay of. Bengal on. November 27 and passed 
near Beliary where black rust had appeared on November 14, 1935 and Chital- 
droog where 5 per cent crop infection had been observed on October 22 on crop 
sown in August 1935. 

t The spore shower might have occurred on November 28, due to some earlier wind. 

29. DHARWAR (2,340 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,437. 

Date and heights of trajectories in feet above sea 
level ... ... ... ... December 29, 1 935 : B— 3280, 

C- 4920. 

Dates of spore showers soon after the winds December 29— January 2 & January 2 — 6. 

Dates of spore showier 14—10 days before rust 
appearance ... ... • ... January 2 — 6. 

Date of rust appearance ... ... January 15, 1936. 

B — The wind was traceable from the Bay of Bengal and passed over Chitaldroog where 
5 per cent crop infecti®n with black rust was observed on October 22, 1935. 

C— The wind was traceable from the Bay of Bengal and passed over Bellary where black 
rust had appeared on November 14, 1935. 






30. DHARWAR (2,340 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 080. 

Date and height of trajectory in feet ... December 6, 1934 : D — 6560. 

Dates of spore showers soon after the wind ... December 7 — 11 & 11 — 15. 

% 

Dates of spore shower 14- -10 daj^ before rust 
appearance ... ... ... December 11- l.o, 1934. 

Date of rust appearance ... ... December 28, 1934. 

D — The wind entered the country from the Bay of Bengal on December 5 and passed over 
Ciiitaldroog where up to 50 per cent crop infection with black rust was observed 
on November 29 — 30. 

31. DHARWAR (2,340 ft. above sea level). BLACK RUST. ORIGINAL MAP No, 1,482. 

Date and height of trajectory in feet . . . December 24, 193.5 : F — 9840. 

Dates of spore shower soon after the wind ... December 29 — January 2. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... January 2 — 6. 

Date of rust appearance ... ... January 15, 1930. 

F—The wind entered the country on December 23, 1935 and passed over Ciiitaldroog where 
5 per cent crop mfeccion with black rust was observed on October 22, 1035. 

32. FARBHANI (1,350 ft. above se,a level). BLACK RUST. ORIGINAL MAP No. 1,445. 

Date and height of trajectory in feet ... January 6, 1936 : B— 8280. 

Dates of spore shower soon after the wixid ... No spores were caught. 

Dates of spore show'er 14—10 days before rust 
appearance ... ... ... January 10— 14. ^ 

Date of rust appearance ... ... January 23, 1938. 

B— The wind entered the country from the Bay of Bengal on January 4 and passed near 
and Hyderabad where black rust had appeared on November 14, and Behary 
9, 1935, respeetively.Decetnber 
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38. PARBHANI (1,350 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,432. 

Date and height of trajectory in feet ... December 24, 1935 : C— 4920. 

Dates of spore shower soon after the wind ... No spores were caught . 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... J anuary 1 0—14. 

Date of rust appearance ... ... January 28 . 

C --Tlie wind entered the country from the Bay of Bengal on December 23 and passed over 
Hyderabad where black rust had appeared on December 9. 

34. HMAYATSAGAR (1,776 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,902. 

Date and height of trajectory in feet ... January 19, 1937 : C— 4920. 

Dates of spore shower soon after the wind ... January 21 — 24. 

Dates of spore st.ower 14 — 10 days before rust 
appearance ... ... ... January 24— 28. 

Date of rust appearance ... ... February 8, 1937. 

C — The wind was traceable from the Central Provinces and passed near Parbhani where black 
rust appeared on January 3, 1937, 
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35. HBIAYATSAGAR (1,776 ft. above sea level}. BLACK RUST. ORIGINAL MAP No, 1,900. 

Date and height of trajectory in feet ... January 17. 1937 : D— 0580. 

Dates of spore shower soon after the wind ... January 21—24. 

Dates of spore shower 1*4—10 days before rust 
appearance ... ... ... Januaiy^ 24-^23. 

Date of rast appearance .. ... February 8, 1937. 

D— The wind entered the country from the Arabian sea and passed over Niphad where black 
rust had appeared on December 8, 1936. 

36. COIMBATOR]^ (1,341 ft. above sea level). BLACK RUST. ORIGINAL MAP. No. 1,934. 

Date and height of trajectory in feet ... January 29, 1937 : A— 1640. 

Dates of spore snowers soon after the wind ... January 29 — February 2 & February 2—0. 

Dates of spore shower 14 — 10 daj’-s before rust 
appearance ... ... ... February 6— 11. 

Date of rust appearance ... ... February IS, 193T. 

A— The wind was traceable from the Nilgiri hills where up to 25 per cent crop infection 
was observed on October 1, 1986, 
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87. COIMBATOBE (1,341 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,936. 

Date and heights of trajectories in feet ... January 31, 1037 1 B— 3230, 

C— 4920, 

D— 6560. 

Dates of spore showers soon after the winds ... February 2 — 6 & 6— 11. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... February 6 — 11. 

Date of rust appearance ... ... February 13, 1937. 

B & D — ^The winds after entering the country passed near Kodalkanal where black rust 
in traces was observed on October 10, 1936. 

C — ^The wind after entering the country passed over Kodaikanal where black rust was 
observed in traces on October 10, 1936. 

88. COIMBATORK {1,341 ft. above sea level). BLACK RUST. ORIGINAL IVIAP No. 846. 

Date and he ght of trajectory in feet ... January 12, 1934 ; C — 4920. • 

Dates of spore shower soon after the w'nd ... No spores were caught. 

Dates of spur.- shower 14 — 10 days before rust 
appearance ... ... ... No spores were caught. 

Dite of rast appearance ... ... February 3, 1931. 

C— The w n.i was traceable from N lj? ris where 100 per cent crop infection w‘th black rust 
vvi^ observed on Decemb-r 24. 

30. bangalore (3,021 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 716. 

Date and he ght of trajectory, in feet ... November 18, 1933 : D — 6560. 

Dates of spore shower soon after the w nd ... November i<) — 23. 

Dates of .spore shower 14—10 days before rust 
appearance ... ... . - i .... No spores were. caught. 

Date of rust appearance ... ... December 18, 1933 (5—10 per cent 

i ifection in m'niature plot), 

P— The wind entered the country from Arabian sea and passed over Nilg ris where 100 per 
cent crop infection w.th black rust was observed on December 24, 1938, 




40. MAKDYA (2,580 ft. above sea level). BLACK RUST. ORIGIX.AL ^lAP No. 2,451. 

Bate and height of trajectory ... - ... December 22, 1937 : 8280. 

. Bates of spore shower soon after the wind ... No spores were caught. 

Bates of spore shower nearly 3 weeks before mst 
appearance ... ... ... December 30 — .Tannary 8. 

Bate of rust appearance ... ... Jaaiian^ 21, 1938. 

B — ^The w.nd was traceable from N lg'ris where up to 100 per cent crop infection with black 
rust was observed on December 19, 1937. 


41. MANDYA (2,580 ft. above sea level). BLACK RUST. ORIGINAL MAP No. L480. 

Bate and heisbt of trajectory in feet ... September 29, 1933 ; C— 4920. 

Bate of spore shower soon after the wicd ... September 80— October 3. 

Date of spore sht^wer 14- 10 days before rust 
appearance ... ... September 30 — Ocitober 3. 

Bate cf rust appearance ... ... October 15, 1933. 

C—The wind entered the country from Arabian sea and passed near Kofla'kanal (Palms) 
where up to 20 per cent crop infection was observed on September 28, 19.35. 


42. MANDYA (2,580 ft. above sea level), BLACK BUST. ORIGINAL MAP No. 716. 
Date and height of trajectory in feet ... November 18, 1938 : D — 6560. 

Dates cf spore shower soon after the wind ... No spores were caught. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... December 4— 7. 

Date of rust appearance ... ... December 19, 1983 {On December 19, 

10 per cent plant infection was observed 
in miniature plot.) 

D— the wind entered the country from Arabian sea and passed over Nilgiris where 100 
per cent crop infection with black rust was observed on December 24, 1933. 
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43, MANTDYA (2,580 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,465. 

Da\e and heights of trajectories* in feet ... September 14, 1935 : F— 9840, 

H— 13120. 

Dates of spore showers ... ... September 19—23, 23—26 & 26—30. 

Dates of ‘?pore shower 14—40 days before rust 
appearance ... ... ... September 80— October 3. 

Date of rust appearance ... ... October 16, 19-35. 

F & H — The cl.mds were traceable from Nilgiris where 65- -100 per cent crop infection 
with black rust was observed on September 20, 1935. 

♦Based on cloud observations. 


44 to 46. CHITALDROOG (2,405 ft. above sea level). BLACK RUST. ORIGINAL MAP Nos.’ 

1,962, 1,963 & 1,966. 


Dates and heights of trajectories in feet .. November 9, 10 & 13, 1936: 


B— 3280, 

C-4920. 

D— 6660, 

Dates of spore shower soon after the winds ... No spores were caught. 

Dates of spore showers 14—10 days before rust 
appea^'ance ... ... ... November 17 — ^21 & 21—24. 

Date of rust appearance ... ... No information (On January 2 — 8, 

25 — 100 per cent crop Infection was 
observedt). 

B C & D— Tbe winds were traceable from Nilgiris where up to 25 per cent crop infection 
with black rust was observed on October 1, 1986. 
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Detailed information regarding tlie total number of -wiiicl-trajectories studied, 
winds found to be ‘ relevant ’ as well as those ‘ possibly relevant ' for all the 
heights taken together, has been supplied in Table VI. " 

Information about the relevancy of winds-, separately for each height, is 
also given in Table ,VIL 


10. Discussion 

In a subject like this one has to reckon wnth several factors and rely .mostly 
on evidence which at its best can only be circumstantial. In addition to the 
catching of spores, the object of this study, as stated in Part One, was to obtain 
whatever information one could get from wind-trajectories regarding the direc- 
tion or directions along which dissemination of a particular rust may take place 
in different parts of the country from year to year. 

The study of wind-trajectories has, from the start, been looked upon as 
auxiliary. Tables and foot-notes to the maps have been so planned as to give 
full information on the basis of which the reader can determine if there is any 
correlation between the dates of rust appearance, spore showers and the winds 
that may have brought the inoculum from stations w^here rust had appeared 
earlier. The various aspects of the dissemination of black rust are briefly 
discussed below. Factors applicable to ail the three rusts are dealt with in 
Part Five, General Discussion and Conclusions : 

(i) Dates of rust appearance in relation to spore sJiotcers 

It is clear in a general w^ay from Tables II and III that . at most of the 
stations iiredospores of black rust of wheat wxre caught four to two weeks before 
its outbreak locally. 

On the other hand, mo spore showers could be detected from the study of 
aeroscope-slides exposed at some of the stations during one or more seasons. 
It is difficult to ascribe any special reason to such misfits excepting the fact 
that heavy spore showers are not usually frequent in this country. Only on a 
few occasions wxre spores caught in large numbers on an aeroscope-slide, and 
one cannot safely conclude from negative data that the small amount of air 
that passed through the box of the aeroscope was truly representative of the 
contents of the huge volume of air covering the fields at a particular locality. 
Besides, only one aeroscope was placed at each station except two. Further, 
if spores settle down in still air and there is no disturbance at the time at ground 
level either, no spores may enter the box of the aeroscope although they will 
alight on the crop. The same applies to spores that might eome down to the 
ground with rain drops if there is no wund blowing into the box of the aeroscope. 
This is fully discussed in Part Five. 

One has also to reckon with the possibility of a discrepancy betw^een the 
dates of spore showers and of rust appearance even after allowance has been 
made for the incubation period because of dry weather. This aspect of the 
question is also dealt with* under General Discussion and Conclusions at the end 
of this Section. As stated before, at several stations rust actually appeared a 
few days earlier than the dates of observations. In Table II, therefore, spore 
showers that occurred within four to two weeks of the date of rust appearance 
were included although the incubation period even during the coldest part of 
winter in the plains of India should not exceed fourteen days. 
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ii) Spore showers in relation to winds 

According to the observations made by Ukkelberg [1933], single uredospores 
of black rust of wheat should take, in still air, nearly 12 hours to alight on the 
crop from aii height of 1,640 ft. Based on that calculation, from 6,560 ft. 
these spores should take 48 hours to come down to ground level. Spores in 
clusters and those adhering to dust particles should settle down much earlier. 
Keeping in view, however, the resence of convective winds during the day 
time and the possibility of air at different heights being in movement due to 
other” winds, it was felt safest 4o j)rovide for longer periods for the settling down 
of spores from wdnds at each of the heights under stud^n For instance, in the 
case of a wind at 1,640 ft. above sea level only the spore showur on a slide 
exposed one to two daj^s after the arrival of the wind at the station concerned 
was taken into consideration, except for a station situated at 500 ft. above sea 
level or above for which a shower on the same day, if any, was also taken into 
account. Similarly, for winds at 3 , 280 , 4,920 and 6,560 ft. above sea level only 
spore showers occurring on slides exposed after two to three, three to four and 
four to five days respectively were considered, making due allow^ance in every 
case for the height of the station concerned. For higher winds, the period was 
extended accordingly keeping in vie’w the height of the station itself. In 
Table VI, therefore, all such winds as were followed by spore showers during 
the periods not strictly in accordance with the heights of the winds concerned 
have been showm separately and marked with a query. 

It is iiniiecessary to refer to the details that have already been sup lied 
as foot-notes to Map Nos. 2-46 or the data summarized in Tables V, VI and VII. 
There seems to be a distinct correlation betrveen most of the winds that have 
been reproduced on the maps and subsequent spore showurs, as revealed by the 
study of aeroscope-slides, which led in all probability to rust outbreaks. Such 
winds w'hich had started from or passed over a station or stations, wiicre the 
rust in question had appeared one to twu months earlier, are of special interest. 
For the reasons given under Methods of Study, some attention has also to be 
paid even to those winds wiiich passed over stations wiiere the date of rust 
appearance, as reported by a local observer, w^as only fifteen clays or so earlier 
because the actual date might have been earlier still. 

The wTiter is fully aw'are of a large number of misfits, wiiicli are hard to 
explain, but in view’ of the difficulties of this study, the positive evidence leaves 
little doubt regarding the dissemination of the rust in question by winds from 
localities of earlier outbreaks. * 

With regard to such wind -trajectories as could not be reproduced for the 
sake of economy of space and cost, full information has been supplied in Tables 
VI and VII to eng^ble the reader to scrutinize the relative numbers of ‘ relevant 
^possibly relevant’ and ‘ non-relevant ’ winds. In the case of some of the 
stations the number of ‘ relevant ’ winds taking the wiiole period together 
was very small and in others no such winds were found at all. This is difficult 
to explain fully. 

At the same time, it is clear from Table VI that although no wind could be 
interpreted as ' relevant ’ for several stations during one year or more, in the 
light of information available, spore show’ers definitely occurred at most of them 
as revealed by the study of aeroscooe-slides (Table II). By way of illustration 
some of the wind-trajectories wdiich could not be interpreted as ‘relevant’ are 
reproduced on Map Nos. 47-54 and additional information for the stations 




Date and heii/bts of trajectories in feet ... February 2S, 1037 : A — 1640, 

B—3280, 

C— 4920, 

* D— 0500. 

Dates’of spore shower soon after the winds ... March 1 — 4. 

Dates of spore shower 14—10 days before rust 
appearance ... ... ... March 8—11. 

Date of rust appearance ... ... March 20, 1937. 

A, B & D— Traceable from N.-W. F. Province and passed near Peshawar. Wind A passed 
Rawalpindi as well. 

Q — Traceable from Kashmir and passed over Murree and Rawalpindi. Black rust appeared 
atj^Peshawar on February 27, 1937. 

48. LY ALLPUR (605 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 1,999. 


Date and heights of trajectories in feet 


■March 13, 1938 : 


Dates of spore shower soon after the winds ... March 14 -“17. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... • • • March 21 —24. 

Date of rust appearance ... April 1, 1938. 

A, B, C & D— Traceable from N.-W. F. Province and passed near Peshawar where black 
rust appeared on March 3, 1938. 

49. LYALLPUR (005 ft. above sea level). BLACK RUST. ORIGINAL MAP No. 2,001. 

Date and heights of trajectories In feet ... March 15, 19oS : A 1640, 

B-~3280, 


A-- 1040, 
B--3280, 
C— 4920, 
D— 0560. 


March 21—24. 


Dates of spore shower ... 


... March 14—17**. 


Dates of spore shower 14— 10 days before rust 

appearance ... ... ••• March 21-24. 

Date of rust appearance ... ••• April 1, 19.?8. 

A- Traceable from Siwalik range and passed near Hoshiarpur, Gurudaspur and Lahore. 

B— Traceable from Kashmir. 

C— .The wind was imtraceable. 

D— Traceable from N.-W. F. Province. 

Black rust appeared at Gurudaspur on March 17. 

**The spore shower might have occurred on March 14. due to some earlier wind. 
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50 , POONA (1,834 ft. above sea level). BLACK RUST. ORIGINAL INL^P Nos. 231, 245 & 

259. 

Date and heights of trajectories in feet ... Deceniber 3, 1933 : B — 3280, 

C.--4920, 

D--6560. 

Dates of spore shower soon after the winds . . . December 4 — 7 . 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... Slides were not exposed after December 

7. 

Date of xnst appearance ... ... January 1st week, 1034. 

B — ^Traceable from Afghanistan and passed near LyaiIpur,*Agra and Parbhani. 

C — ^Traceable from Afghanistan and passed near Jubbuipore, Nagpur and Parbhani. 

D —Traceable froni Arabian sea and passed near Ajmer, Jubbuipore, Nagpur and Parbhani. 
Black rust appeared at Lyailpur in the 1st week of March, at Agra on February 6, at 
Parbham on January 13, at Jubbuipore on January 28 and Ajmer on March 9. 
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Bate and heights of trajec-tories in feet .. December 16, : B— ^^280, 

C —4920, 

D— 6^60. 

Dates of spore shower soon after the wirds .. December IT- 20. 

Dates of spore showers 14—10 days before rust 

appearance ... ... ... December 27 — 31, December Si -January 

^ 3. 

Date of rust appearance .... ... January 2nd week, 1935. 

B- -Traceable from the Bay of Bengal and passed near Kurncol. 

C— -Traceable from the Bay of Bengal and passed over Pottangi and Himayatsagar. 

D— Traceable from Western Ghats and passed over Mahabieshwar, 

At Pottangi and Hiroay^atsagar 1 per cent and up to 100 per cent crop infection was 
observed on January 8 and January 19 respectively. 
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52. , POONA (1,834 ft above sea level). . BLACK ROST. ORIGINAL MAP No. 1,854. 


Date and hei^rhts of tr.ije;:tories in feet ... November 25, : B — .8280, 

C--4920, 

I)— .65^0, 

Dates of spore shower soon after the winds ... November 2ff— 80. 

Dates of spore shower 14~ 10 days before rust 

appearance ... "... ... November 30- -December 3. 

Date of rust appearaaee ... ... December 14, 1936. 

B — Traceable from tbc Bay of Ben^a» and passed nt,ar Quutur and Ilimayatsagar, 

C — Traceable from Hyderabad state. 

D—- Traceable Prom Siilainjan range and passed over Ajmer and Khandwa. 

Blaok rust appeared at Guntur in the 2nd week of January 1937 and at Himayatsagar 
(Hyderabad-Deccan) on February 8, 193T. East did not apppear at Ajmer 
that year and no information was available about I^handwa, 
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53, HIMAl'ATSAGAR (1,776 ft. above sea level). BLACK KfJST. ORIGINAL MAP No. 701 • 


Date and Iieigiits of trajectories in feet ... November 20, 1930 : B — 32S0, 

C-4020, 

D— 6560. 

Dates lOf vspore shower soon after the winds ... November 80 — ^December 7. 

Dates of spore siiower 14—10 days before rust 

appearance ... ... ... November 30 — December 7. 

Date of rast appearance ... ... January middle, 1934 (On January 20 

— 21, 5 — !0O per cent, crop infection 
was observed, Probable date December 
20 or so). 

B--"Traeeable from Bumia and passed near Sabour and Pottangn 
C — Traceable from the Bay of Bengal. 

D — Traceable from Burma and passed near Mymensingh and Pottapgi. 

Black rust appeared at Sabour on March 8 and 100 per cent crop infection was observed 
at Pottansri on Jannarv 18 — 14, 1934. 
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54. CHITAXDROOG (2,405 ft. above sea level/. BLACK RUST. ORIGINAL MAP No, 725, 


Date and heights of trajectories in feet ... November 2, 1930 : B — 32<‘:0, 

c-dmo, 

D-~6c50- 

Dates of spore shower ... ... October 31 — ^November 3**. 

Dates of spore siiower 14—10 days before rust 

appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... January 12, 19B4 (On December 15, 

over 60 per cent crop Infection was 
observed). 

B — ^Traceable from the Bay of Bengal. 

C — ^Traceable from Siwalik range and passed near Simla and over Bareilly. 

D —Traceable from Siwalik range and passed near Simla, Jubbulpore, Nagpur and Himayat- 
sagar. ‘ 

Black rwst appeared at Simla on. March 15, at Bareilly on February 27, at Jubbulpore 
on January 28 and ax Himayatsagar up to 100 per cent crop infection was obser- 
vcd on: January 20 —21, 1934.’ 

** The spore shower might have occurred on October 31 or November 1, due to some 
earlier wind. 
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concerned is given below. Details are also supplied regarding three other stations 
for which trajectories were prepared for reasons explained in the text although 
no slides were exposed there. A summary of data supplied in Map Nos. 47-54 
is given in Table ''VIII. 

(a) Lyallpur, dOSfoei above sea level {Punjab), For this station no ‘relevant ’ 
winds were found during the years 1934-85, 1986-37 and 1937-88 but spore 
showers took place in all the three years, nearly four to two weeks before rust 
appearance. 

In the year 1934-85 black rust appeared on March 20 and there was a spore 
shower on February 18 to 21, i.e. nearly a month earlier. Trajectories were 
studied for February 20 to March 5. On February 24 and 25 tw^o winds which 
had passed over Hoshiarpur, 'where this rust was reported to have appeared in 
the first half of February, reached Lyallpur. For want of defij ite information 
about the date of first appearance of rust at Hoshiarpur neither of those winds 
could be regarded as ‘relevant’. At three other stations passed over by the 
winds coming to Lyallpur rust appeared much later and frcm the rest no 
information was available. However, as shown in Table VI, there were 17 
winds for Lyallpur coming from the hills that year. In \iew of the fact that 
black rust has been repeatedly found to oversummer in the uredostage in those 
areas such winds have been interpreted as ‘possibly relevant’. 

In 1936-87 rust a peared on March 20 and the last spore shower in relation 
to that date took place on March 1 to 4. Trajectories were studied for February 
20 to March 7 and curves of February 28 are reproduced on Map No. 47. On 
March 1 to 4 some winds came from Kashmir and others passed over stations 
regarding w^hich no information about the dates of rust appearance was 
available. The only place where rust had appeared earlier than at Lyallpur is 
Peshawar, where it broke out on February 27, i.e. only five days before the wind 
of March 4. No winds passing over Peshawar could, therefore, be regarded as 
‘relevant’. However, as shovm in Table VI there were sixteen ‘possibly 
relevant’ winds for Lyallpur that year. 

In the following year rust appeared on April 1 and the last spore shower 
in relation to that date took place on March 14 to 17. Trajectories were studied 
for March 1 to 16 and curves of March 13 and 15 are reproduced on Map Nos. 
48 and 49. On the 14th one wind was untraceable and the other three followed 
the same course as winds of the 13th. Similarly, one of the winds of March 16 
was untraceable and none of the other three passed over a station of known 
earlier appearance of the rust concerned. The only station where black rust 
appeared earlier than at Lyallpur is Gurdaspur, where it broke out on March, 
17, i.e. one day later than the last date of wind-trajectories. No wind passing 
over Gurdaspur could, therefore, be regarded as ‘ relevant ’. From other stations 
no information was available regarding the dates of rust appearance. As 
explained above two winds of the 15th from the Siwalik range and Kashmir 
might .be regarded as ‘ possibly relevant ’ and the same applies to six other 
winds which came from the hills during the period for which trajectories 
were studied. 

(6) Poonay feet above sea level {Bombay •‘Deccan), No ‘ relevant ’ winds 
were found for this station, excepting one in the year 1935-36 although spore 
showers took place every year 4 to 2 weeks before rust appearance, with the 
exception of 1982-33. That year a spore was caught on the slide exposed 
during November 24 to 28 and rust ap eared on December 5, 
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111 the year 1933-34 nist appeared, as reported from this station, in the 
1st week of January and several spores were caught on December 4 to 7. 
Trajectories were studied for December 1 to 15 and all the three curves of 
December 3 are reproduced on ]\Iap No. 50. On December 4 to 6, winds came 
from different directions but for -want of space it seems unnecessary to repro- 
duce them on ma s. On the 4th, however, two winds also came from the 
Siwalik range and the only station passed over, about which information vras 
available, is Agra where rust appeared as late as February 6. Two winds of 
the 5th came from the Simla hills and passed over Agra and Jubbulpore (where 
rust appeared on January 28) and the third passed over Himayatsagar (Hydera- 
bad-Deccan) near Nizamabad and Parbhani. One wind of December 6 came 
from Bengal and passed over Pottaiigi. Rust appeared at Parbhani on January 
13. At Himayatsagar rust was reported to have a peared in the middle of 
January but heavy infection, 5 to 100 per cent, was observed by a member of 
the rust research staff on January 20 and 21 nevertheless a wdnd or winds of 
December 5 could not be taken as ‘ relevant At Pottangi a member of the 
rust research staff observed heavy infection, up to 100 per cent, on January 14 
but in the absence of information regarding the date of first appearance at that 
station the wind of December 6 could not definitely be interpreted as " relevant h 
From other stations passed over by the wunds, referred to above, no informa- 
tion was available regarding dates of rust appearance excenting Jhansi,wRere 
50 to 60 per cent crop infection was observed as late as March 5 that year. 

For Poona even winds from the Shvalik range or Simla Hills, where over- 
summering is so common, could not be taken as ‘ possibly relevant ’ because 
at intermediate stations like Agra and Jubbulpore rust anpeared much later. 
Such winds have not, therefore, been included in Tables VI and VII. 

In 1984-35 rust appeared at Poona in the second 'week of January and spores 
ivere caught at the College farm on December 17 to 20 and 27 to 31. At the 
Observatory spores were caught on December 19 to 22. Trajectories were 
studied for December 8 to 23 and all the three curves of December 16 are re- 
produced on Map No. 51. On the next three days winds passed over Himayat- 
sagar (Hyderabad-Deccan) and Bellary (wherefrom no rust was reported that 
year). The date of rust appearance at Himayatsagar ^vas reported to be 
January 3 5 but 1 to 100 per cent crop infection was observed by a member of 
the rust research staff only four days later ; nevertheless -winds passing over 
that station as early as December 16 to 19 could not be regarded as definitely 
'relevant’. Black rust was found to be oversummering at Mahablesliwar in 
May 1934 but for want of information regarding its incidence at a later period 
the wind of December 16 passing over that station could not be included in the 
list of ' possibh' relevant ' winds. There w^as no other wind from a station of 
known earlier appearance of the rust concerned. 

In 1986-37 rust appeared on December 14 and the spore shower in relation 
to that date occurred on November 26 to 30. Trajectories were studied for 
November 14 to 29 and all "the three curves of November 25 are reproduced on 
Map No. 52. On November 26 to 29 the stations passed over, ivherefrom infor- 
mation was available, are Pottangi, Himayatsagar (Hyderabad-Deccan), 
Parbhani, Agra, Jhansi, Jubbulpore and Niphad where rust appeared between 
December 3, 1936 and February 24, 1937. At Pottangi this rust was not found 
till November 29 that year. 

In the year 1987-88 no rust . was reported from Poona although spore showers 
occurred on December 14 to 17 and December 31 to January 4. Wind-trajec- 
tories were prepared for December 1 to 31 for the sake of^ comparison with 
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previous years. Out of 93 winds one was mitraceable and none of tlie remain^ 
ing winds, with the exception of two, w’hich reached Poona on December 15 and 
31 respectively, passed over a station or stations where rust had appeared rior 
to the periods of spore showers mentioned above. On December 15 and 31 
two winds one on each occasion passed near Chitaldroog where 1 ^'^er cent crop 
infection had been observed on December 2 but neither of them could be 
taken as ‘ relevant ’ as no rust appeared at Poona that year. For the same 
reason winds of 1937-38 in the case of this station have not been included in 
Tables VI and VII. 

With regard to Poona it is important to note that owing to its nearness to 
the Western Ghats some inoculum is likely to come down as a result of katabatic 
winds therefrom. The shortest straight distance between Poona and the Ghats 
is nearly 12 miles and black rust has occasionally been found to oversummer 
near Mahableshwar (4,500 ft. above sea level) and at some other places. 

It may be mentioned that during 1932-33 and 1934 to 1937, taking all the 
three heights together, 8, 2, 14 and 5 winds respectively came to Poona from 
Mahableshw^ar or its neighbourhood and as stated above, there were spore showers 
also four to two wrecks before rust appearance every year except in 1932-33. 
Such winds may, therefore, be taken as ' possibly relevant ’ but in the absence 
of fuller information regarding oversummering or earlier rust outbreaks in the 
Western Ghats than at Poona from year to year they could not be included in 
, Tables VI and VII. 

(c) Himayaisagar, 1,776 ft above sea level {Hyderahad-Bcccan). For this 
station there -were no ‘ relevant ’ wdnds during three years out of four although 
spore showers occurred four to two weeks before rust appearance every year. 

In the year 1983-34 rust appeared, as reported from this station, in the 
middle of January but very heavy infection, 5 to 100 per cent wbs observed by 
a member of the rust research staff on January 20 and 21. Spore showers 
took place on November 30 to December 7 and as shown in Table II also on 
December 17 to 22. Trajectories were studied for November 20 to December 
5 and all the three curves of November 29 are reproduced on Map No 53. From 
November 30 to December 5 winds coming to Himayatsagar had passed over 
Gorakhpur, Patna, Karnal, Rawalpindi, L^mllpur, Agra, Jubbulpore, Simla, 
Bareilly, Shahjahanpur, Hoshiarpur and Dohad where rust appeared, one to 
two months later than at Himay^atsagar, with the exception of Gorakhpur. At 
Gorakhpur 20 per cent crop infection was observed on January 15. None of 
the winds, referred to above could, therefore, be taken as ' relevant ' and the 
same applies to some of the winds that came from Kashmir or the Simla Hills 
during December 1 to. 5 because of the late appearance of rust at intermediate 
stations. 

j In 1934-35 rust was reported to have appeared on January 15 but a member 
of the rust research staff observed 1 to 100 per cent crop infection at this station 
on January 19. Spore showers took place on November 22 to 26 and December 
5 to 9, 9 to 13 and 13 to 16. In view of the probable earlier appearance of 
rust wind-trajectories were prepared for a longer period, i.e. November 19 to 
December 10. For W'ant of space it seems unnecessary to reproduce those 
ivinds on maps. Winds of November 21 to 25 had passed over Agra, Raw’al- 
pindi, Gurdaspur, Hoshiarpur, Gorakhpur, Benares, Lyallpur and Karnal, where 
rust appeared nearly two WTeks to two months later than at Himayatsagar and 
no information was available from other stations. Nor wus any station of 
earlier rust appearance passed over by the winds of December 4 to 10 and the 
same applies to other winds throughout the period of 22 days. 
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In the year 1985-36 rust broke out at Hima3"atsagar on December 9 and 
the nearest spore shower in relation to that date took place on November 19 to 
22. Trajectories w’-ere studied for November 9 to 28. Winds of November 
18 to 21 had passed over Agra, Simla, Dehra-Dmi, Jubbulpore and Lyallpur 
where rust ap|3eared 2 to 3 months later than, at Himayatsagar and no 
information was available from the other intermediate stations. 

It might be mentioned that during 1984-37, taking all the three heights 
(8,280, 4,920 and 6,560 ft. above sea level) together, 19, 14 and 2 winds res- 
pectively that had passed over or near Pottangi reached Hima^mtsagar four 
to two weeks before rust appearance and as stated above, there were spore 
showers also each year. Such winds may, therefore, be taken as ‘ possibly 
relevant ’ but for want of fuller information regarding oversummerirg in the 
Agency tract they have not been included in Tables VI and VII. 

In view of the long distance between Himayatsagar and any centre of likely 
oversunimering of rusts information was also obtained from anemograph records 
from Begumpet, near Himayatsagar, for the year 1935-36 to see, in a general 
way, if there were any winds from a station of earlier rust appearance during 
the intervals between daily meteorological observations. The height of the 
wind -vane of the anemograph at Begumpet is 61 ft. above ground. From the 
anemograph records it was found that five winds came from the soutb-west on 
November 2 to 27 and four from the south on November 18 to 20. It may be 
mentioned that in addition to the spore showier of November 19 to 22, recorded 
above, spores were found on aerosccpe-slides exposed during November 3 to 7, 
7 to 11, 11 to 16, 16 to 19, 22 to 26 and 26 to 30. No importance could, how- 
ever, be attached to the information obtained from anemograph records because 
the winds were reported to be more or less ‘calm’. Whereas it is not possible 
to state exactly the source of the inoculum it may be pointed out that 5 per cent 
crop infection with black rust had been observed at Chitaldroog (situated 
south-west of Himayatsagar) as early as October 22, 1935 on the crop sown in 
August that year. 

Unlike Poona, there is no likelihood of any katabatic winds reaching 
Himayatsagar and it is quite likely, therefore, that the inoculum came to this 
station, as revealed by spore showers, from year to year with southerly winds 
during the intervals between the daily meteorological observations made in the 
mornings only. As stated in Part One, there is abundance of rust in the 
Nilgiris and Pahii hills situated further south at that time of the year on the 
first crop, sown during April to August as well as on the second, sown in September 
to November. 

(d) Chitaldroog, 2,4:05 ft, above sea level {Mysore State). No arrangements 
for the exposure of slides could be made at Chitaldroog itself and they were, 
therefore, exposed at Hiriyur, nearly 30 miles away. Chitaldroog was 
selected for repeated observations because of its nearness to Chikiiiaglur, a 
hilly station with an altitude of 3,400 ft. above sea Jevel. 

For this station no ‘relevant’ winds were found during four years out of 
six. No spore shower took place in relation to the date of rust appearance, as 
reported from there, in 1932-33 and slides were not exposed for several months 
in 1934-35. In other years spore showers did occur four to two weeks before 
rust appearance. 

In the year 1933-34 rust appeared as reported from Hiriyur, nearly 30 miles 
from Chitaldroog, on January 12 on crop sown during October to November 1933. 
At Chitaldroog 1 to 10 per cent crop infection had been observed hy a member 
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of tiie rust research staff oi) December 15^ i.e, nearly a month earlier. At 
Siddawanlialli. nearly 20 miles from Hfriyur, over 60 per cent infection ivas 
observed on December 15 on the crop sown during September. It may be 
mentioned that in addition to spore showers of October 81 to November 8 and 
December 9 to 12 spores were caught at Hiriyur on November 27 to 30, 
November 30 to December 3 and December 3 to 6. Trajectories were studied 
for November 1 to 16 and tliree curves of November 2 are reproduced on Map 
No. 54. Some of the winds of November 1 to 16 had passed over Simla, Dehra 
Dun, Bareilly, Agra, Gorakhpur, Benares, Bellary, Jubbulpore and Nagpur 
where rust appeared nearly 1 to 3 months later. None of the winds could, 
therefore, be regarded as ‘ relevant ’ or even ‘possibly relevant h 

Exposure of slides at Hiriyur was suspended for nearly five months after 
July 16, 1934 for no obvious reason, consequently one could not be sure of any 
spore showers or their absence during that period. Rust was reported to be 
absent from Chitaldroog that year but a member of the rust research staff 
observed 1 to 25 per cent and 1 to 50 per cent infection on November 29 and 30 
at Doddasiddavvanahalii, nearly 10 miles from Chitaldroog and at Cliitaldroog 
itself on crops sown during August to September and October respectively. At 
the time of observation there Was plenty of teleuto-inaterial and for that reason 
the date of rust appearance was put back by nearly a month. Trajectories 
were, therefore, studied for September 29 to October 14 but none of the winds 
had passed over a station of known earlier appearance of rust and about others 
there was no information. 

In the year 1935-36 rust broke out at Hiriyui’, as reported from there, on 
January 1 on crop sown in October to November 1935 but a member of the rust 
research staff found 5 per cent infection on October 22 at Chitaldroog on the 
crop sown in August. At Hiriyur spores were caught on September 30 to 
October 3. In view of the earlier appearance at Cliitaldroog trajectories were 
studied for September 10 to 30 and duiiiig that period most of the winds came 
from the Western Ghats of the Madras Presidency. One wind came from the 
Bay of Bengal passing near Bangalore 'wherefrom no rust was reported that 
year. Another wdnd touched Mahablesliwar but none of the winds, referred 
to above, could be regarded as ‘ relevant ’ or even ‘ possibly relevant ’ because 
there was no information of earlier rust appearance at any of the intermediate 
stations. 

No information was received from Hiriyur about the appearance of rust 
in 1937-38. On December 2 a member of the rust research staff found 1 per 
cent infection on the August to September crop at Doddasiddawanalialli. At 
Hiriym* spores were caught on November 13 to 16, Trajectories were studied 
for October 27 to November 17. Almost all the winds came from the Ba}'' of 
Bengal and some of them passed over Bangalore or Bellary where rust appeared 
much later, i.e. on January 22 and 8 respectively, consequently no wind could 
be regarded as ‘relevant’ or even ‘possibly relevant’. 

Informatioii from anemograph records maintained at Kodaikanal (Palni 
Hills) was obtained for the years 1935-36 and 1936-37. From September 14 to 
October 5, 1935 there w^ere 21 winds from Kodaikanal south-east of Chitaldroog 
passing over the Nilgiris. The altitude of Kodaikanal is 8,000 ft. and that year 
up to 20 per cent infection with black rust was observed on September 28 on 
the first crop, sown in April to August. In the Nilgiris also, 65 to 100 er cent 
infection was observed on September 17 to 19 on the first crop. At Chitaldroog, 
as stated above, 5 per cent crop infection was observed on October 22 on the 
August sown crop. At Mandya, situated at the foot of the Nilgiris on the 
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north and on the way to Chitaldroog, 5 cent infection was observed on 
October 16 in the miniature plot which had been sown in August at the request 
of the writer. It may be added that at Hiriyur spores were caught on aeroscope- 
slides during September 10 to 14 and, as recorded in Table II, also on September 
30 to October 3. At Mandya there were regular spore showers during September 
16 to 19 , 19 to 23, 23 to 26, 26 to 30, September 30 to October 3 and October 
7 to 10. 

In 1936-37 also, there were 12 winds during November 2 to 17 coming from 
Kodaikanal where black rust broke out on October 10. In the Nilgiris as much 
as 100 per cent infection was observed in some of the fields on October 1 to 4 
on the April to August crop. At Chitaldroog 25 to 100 per cent infection was 
observed in different fields on January 2 to 3 on the October-sown crop. Judg- 
ing from the heavy infection one may safely conclude that the initial outbreak 
must have occurred at least a month earlier. Spores were caught at Hiriyur 
during October 31 to November 3, November 7 to 10 and 17 to 21. It might 
be mentioned, however, that at Mandya no rust was found in the miniature 
plot during the visits on September 23, October 24 and November 14, nor was 
its appearance reported later from that station but spore showers occurred on 
December 28 to 31, December 31 to January 5 and January 5 to 7. It may also 
be added that intimation was received from Mandya on December 4 that 'wheat 
in the miniature plot had dried up. The velocity of winds as recorded at 
Kodaikanal varied between 1 to 10 miles per hour and no importance could, 
therefore, be attached to them as carriers of inoculum to Chitaldroog but they 
are undoubtedly important from the point of view of dissemination of inoc*ulum 
to the upper-air beyond the hilly areas. 

Whereas no definite conclusions can be drawn regarding the locality where- 
from the inoculum came to Chitaldroog during the ears 1935-36 and 1936-37, 
there is strong circumstantial evidence of dissemination having taken place 
from the Palnis or Nilgiris, possibly both in the former year, for which addi- 
tional evidence was available from spore showers and date of rust appearance 
at Mandya as well. The same applies to the latter year, as far as the Palnis 
and Nilgiris are concerned, but the negative evidence from Mandya is difficult 
to explain unless there was a deviation in the course of winds or their widtli 
did not actually vover Mand}^. Besides, there is no wheat culti^n,tion at 
Mandya excepting a few beds in the Irwin Canal farm and the miniature plot 
measured only 21x15 yards. It was unfortunate that the plot at Mandya 
dried up, as stated in the intimation dated December 4 from there and it Avas 
not possible, therefore, to get any information about rust appearance subse- 
quent to the periods of spore sho'wers. It may also be mentioned that there 
was no rain at Mandya after November 11 that year and no information could 
be obtained about atmospheric humidity from there. 

Information from anemograph records maintained at Bangalore was also 
obtained from Mandya for September to October 1935. At Mandya nearly 5 
per cent crop infection with black rust was observed on October 16 in the 
miniature plot sown in August. From September 10 to 30 there were 20 winds, 
some of them with a velocity of 15 to 24 miles per hour, coming from the south- 
west in the direction of the Nilgiris. Spore showers occurred at Mandya from 
September 5 to 9, 9 to 11, 16 to 19, 19 to 23, 23 to 26, 26 to 30 and September 
30 to October 3. That year 65 to 100 per cent infection was observed in the 
Nilgiris on September 17 to 19 on the first crop. The wind-vane at Bangalore 
is kept at a height of 54 ft. 9 in. above ground. 
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It may also be added that oversiimmering of black rust is likely to occur, 
at any rate occasionally, at Cliikmaglur (3,400 ft. above sea level) in the Cliital- 
droog district itself and that might explain, at least partly, the absence of 
‘ relevant ’ winds in some of the years when rust might have been disseminated 
by katabatic winds. 

(e) P-ottangi, 3,000 to 3,300 feet above sea level (Jeypore Agency Area Orissa. 
Eastern Ghats). As stated above, no arrangements for the exposure of slides 
in aeroseopes could be made at this station. Notwithstanding that, the agency 
area was included in the list of stations for the study of rust incidence because 
in the year 1983*34 a severe epidemic (100 per cent crep infection) rvas observed 
by a member of the rust research staff as early as January 13 to 14. For 
want of a more suitable station near the coast the writer felt that it w^ould be 
interesting to obtain some information regarding the source of inoculum for 
this locality, particularly in vievr of suitable altitudes in the neighbomliood 
where oversummering of black rust at least appeared to be likely. Wind- 
trajectories were, therefore, prepared for two years, 1935*36 and 1^37*38, during 
which rust w^’as found at this station ; the dates of observations are given in 
Table VI. In 1936*-87 no rust was found there till November 29. None of the 
winds duting the fifteen days (November 1 to 15) of 1935-36 had passed over a 
station of earlier rust appearance. The same applies to a period of nearly 
three wrecks (December 12 to 31) of 1937-38. Some of the winds came from 
Nepal and Kashmir but on accouiit of later appearance of rust at the inter- 
mediate stations they could not be regarded as ‘ relevant' or e%'en ‘ possibly 
relevant h Most of the winds came from the Bay of Bengal and it is not un- 
likely, therefore, that the inoculum was blown down from a focus of CA^er- 
summering located in hills in the neighbourhood of Pottangi. None of the 
winds came from the Nilgiiis or Palni Hills and as do aeroscope slides could 
be exposed at Pottangi, it is not possible to give any information about spore 
show'ers. For w^ant of space, it is unnecessary to reproduce the wind-trajectories 
for this station. 

(/) Myrnensingh^ 60 ft. above sea level {Bengal). In order to make sure if 
any inoculum is disseminated from the hills of the Bengal Presidency or ihose 
of Assam to the Indo-Gangetic plain, wind-curves w^ere prepared for Mymensiiigli 
also for tw"o years. In the plains of Bengal and Assam there is very little wheat 
and the same applies to the hilly areas. There is some wiieat cultivation in 
private farms near Mymensingh where black rust was found on February 15. 
1937 and February 27, 1938. No rust w’as reported from the Agrieuitural 
Station at Mymensingh during any of the four years, 1932 to 1936, when aero* 
scope-slides were exposed at that station and spore showers took place at 
different periods. During 1936 to 1938 sliaes w^re not exposed at the Agricul- 
tural farm as no wheat w^as sown there. W'hereas 16 ‘ relevant ' winds w^ere 
found during 1936-37, none of the winds of 1937-38 could be included in that 
category but there were five ‘possibly relevant* winds that year. Fourteen 
out of sixteen v.inds of the former year came from central Nepal, w'here nearly 
30 per cent infection with black rust had been observed on December 6, 1936 

The scrutiny of data regarding the dissemination of black rust during 1938-40 has iust been completed- 
Fcr Poona there was no * relevant ’ or even * possibly relevant ’ wind in 1938-39 but in the following year 
as many as 1 3 winds were found to be ‘ relevant \ taking the three heights together. For Himayatsagar there 
was only cne ‘relevant’ wind in the year 1939-40 and none in the previous year. In 1938-39 one wind was 
found to be ‘ relevant ' for Chitaidroog also. 

Detailed information about these winds along ^with those for other stations will be supplied in a late? 

article. 
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on the August to September crop. The other two winds came from the United 
Provinces hills and Miirree (Kashmir hills) and passed over Fyzabad, where 
this rust broke out as early as the fourth week of December, 1936, In the year 
1937-88 winds came from Bhutan, eastern Nepal, etc. about which no informa- 
tion -was available. No wind -trajectories are reproduced for this station. 

(g) Dhubrii nearly 115 ft. above sea level (Assam). For the reasons given 
above, wind-trajectories were also prepared for this station for 1986 to 1988. 
No arrangements could be made for the exposure of aeroscope-slides at this 
station. All the six wdnds of 1986-37 that were interpreted as ‘relevant’ came 
from central Nepal where, as stated above, nearly 30 per cent infection was 
observed with black rust on December 6, 1936 on the Aug st to September 
crop. Ill the year 1937-38 no ‘relevant’ winds ivere found as most of them 
came from Bhutan and eastern Nepal about which no information was available. 
However, five winds wem found to be ‘ possibly relevant ’ that year. It is 
unnecessary to reproduce those wind -trajectories for want of space. Dates 
of observations and the incidence of rust are given in Table VI. 

In view of the occurrence of spore showers in a large number of cases already 
discussed and of several others represented in Tables VI and VII, if is likely 
that the inoculum came with ‘ possibly relevant ’ winds that blew during the 
intervals between the daily meteorological observations. As stated in Part One, 
until the end of February 1937, 'working charts generally gave information 
regarding morning winds only. No information was, therefore, available regard- 
ing winds that might have blown between one morning and the next until March 
1937, i.e. for a period of five years of this study out of six. It is also likely 
that the inoculum might have come from places of earlier outbreaks, of which 
there may be many, but wherefrom no information was available regarding the 
dates of rust appearance. Spore show^ers, if any, following such winds as were 
traced back to the hills in the Working Charts of the Meteorological Depart- 
ment and therefore interpreted as ‘ possibly relcA^ant ’ are showm in Table VI. 

{in) Stations of earlier mst appearance in the foot-hills and plains 

In addition to the stations where aeroscope-slides were exposed incidence 
of rusts has been studied at a large number of places in the plains from year to 
year. The earliest and usual dates of rust appearance at representative stations 
are given in Table IX in which foot-hill stations are marked with an asterisk. 

(a) Early outbreaks due to nearness to hills. It is dear from Table IX that, 
in general, this rust breaks out in the foot-hills much earlier than at places 
farther off. It has repeatedly been found that plant for plant there is severer 
infection in the foot-hills than in the neighbouring plains. 

This proves without doubt, as has been pointed out several times by the 
waiter, that in India the source of rusts lies in the hills. Oversummering of 
black rust in the hills and hilly tracts of this country has been fully discussed in 
the previous monograph, [Mehta, 1940J. 

From Table IX it is also clear that this rust breaks out in the foot-hills of 
the Punjab much later than those of the Nepal range. The most obvious explana- 
tion of this phenomenon is that there is no early crop in the Punjab Hills or 
even in Kashmir whereas in some parts of central Nepal wheat is sown during 
August to September in addition to the normal crop. 
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(b) Early outbreaks due to early crops in the plains. It lias been noticed 
that in Peninsular India black rust breaks out, as one would expect, much 
earlier at stations where there is an e.,rly crop. For instance, in the districts 
of Bellary, Kadur and Chitaldroog there is the so-called mungari crop, sowm in 
July to August or even earlier. In 1931 the writer found 100 per cent infection 
on this crop at Bellary on December 28. At Chitaldroog this rust has been 
found several times fairly early (October to November) on the crop sown in July 
to August. Such places undoubtedly act as secondary foci for the neighbour- 
hood and also supply considerable inoculum by dissemination to places farther 
off where wheat is normally sown during October. 

/ 

(iv) Winds in relation to initial rust outbreaks 

After scrutiny of data supplied in Table VI, it -was observed that at least- 
one " relevant ’ or ‘ possibly relevant ’ wind was found to have reached most of 
the stations under study, as will be clear from the Table given below. It may 
also be added that out of a total of 88 records of rust appearance, spore showers 
occurred in 46, soon after the ‘ relevant ’ or ' possibly relevant ’ winds. Spore 
showxrs also occurred prior to 24 other records of rust appearance ^but they could 
not be attributed to any ‘relevant’ or ‘possibly relevant’ winds. In all thise 
cases spores were caught nearly four to two wrecks before the initial outbreaks of 
the rust concerned. No information about spore showers or their absence could 
be obtained for ten records because at some of the stations no slides were 
exposed during the season or for the period of four to two weeks before rust 
appearance. Of the remaining eight records spores w'ere caught in two, only 
14 to 10 days or so before rust appearance, and no spores were detected in others. 
A general summarj^ of data regarding spore showers in relation to winds and 
records of rust appearance is given in Part Five, General Discussion and Con- 
clusions. ' - 


j Number of stations for which there 

Number of 1 i' was at least one ‘relevant’ | Number of stations 

stations for which j or ‘ possibly relevant ’ wind j for w'hich there^ 


Year 

trajectories 
were studied 

‘ Relevant ’ 

' Possibly relevant ’ 
only 

was no ‘ relevant 
or ‘ possibly 
relevant* wind 

. 1932-33 

9 

7 

1 

1 

1933-34 

18 - 

9 

4 

5 

1934-35 

15 i 

9 

3 

3 

1935-36 

14 

9 

2 

3 

1936-37 

15 ! 

11 

1 

1 3 

1937-38 

17 

i 

1 5 

! j 

9 

3 


{v) Probable foci of infection 

Reference to the occurrence of rusts in the hills on self-sown wheat and 
barley during the interval between the harvest and the next sowing has already 
been made in Part One. 
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As far . as black nist is eoiieerueck Avell-advaueed infection on the crop sown 
during August to September lias been found as early as the first week of Decem- 
ber in central Nepal at altitudes of 4,000 to 5,000 ft. 

SimilarhT tluax is abundance of this rust, at the tiinc when wheat is sown 
in the plains of Peninsular India, on the first crop in the Nilgiris, sown in April 
to August, 

In order to make sure of its dissemination from the Nilgiris at a time when 
there is no wheat anywhere in the plains of the north and Peninsular India, 
sowings were made at the request of the writer in miniature plots at Mandya and 
t!oimbatore situated at the foot of those hills on the north and south respective!}' . 
At Mandya this rust broke out as early as the middle of October on wheat sown) 
in August 1935, and at Coimbatore rust appeared on September 8, 1938 oi.ii wheat 
sown during June to July. In the previous year rust broke out ov) September 
10 at Coimbatore on wdieat sown during June to July. 

The wT'iter [Mehta, 1940] has pointed out already that black rust is able to 
ovxrsuumier in the uredostage even at altitudes of 3,000 to 4,000 ft., particularly 
in shade or near a w’ater channel. It is likely, therefore, to survive the summer, 
at least occasionally, in the hilly areas of the Chitaldroog district, the Western 
Ghats, in the neighbourhood of Pottangi (Agency tract, Jeypore) as w'cll as 
at places wdiere temperature during summer does not exceed the range of 95'-' to 
100®F. from day to day. 

Oversummering of this rust is an established fact in ail the hills in the north 
due to higher altitudes and consequently a milder summer. 

In short, there is a wide range of foci in the Himalayan range, and on account 
of early crops those in central Nepal and the Nilgiris ^arc the most dangerous. 
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FUKTHEB. STUDIES ON CEKEAI/ BUSTS IN INDIA 



Observations w ade by mer of the — itaff o: >nall The : Infection, wherever quoted, 

to diflerent nel id different ities at th( ition 
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1936- 37 January I —April 20 ... December 25— 30 (I) ... „ 

1937- 38 December 15 — April 25 ... January 21—24 (3) ... No information 
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^ Observations for rust appearance at Simla were made by members of the rust research staff. Rust is able to oversuinmer atSiml . because o 
.favourable weather 

f Spores shower nearly 13 — 10 days onh/ before rust appearance 



g Da es of first spore shower- Dates of spore shower, if Date of rust appearance, as Date of observation, if 
Period of exposure Number of spores m any, 4 to 2 weeks before reported from the station any, regarding incidence 

^ brackets rust appearance. Number ‘ of rust 

of spores in brackets 
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FURTHER -STUDIES ON CEREAL RUSTS IN INDIA 



1935- 36 November S—December 16 No spores 

1936- 37 November 21— April 24 ... March 23 — 27 (1) * . May 23 

1937- 38 January 15 May 23 ... No spores ... No spores ... May 24 


Dales of first spore shower* Dates of spore shower, if Date of rust appearance, as Date of observation, if 
Year Period of exposure Number of spores in any, 4 to 2 weeks before reported from the station any, regarding incidence 

brackets rust appearance. Number of rust 

of spoTuS in brackets 
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1937-38 November 27-IVlareb 15 ( February 20-22 



Dar^ oi first spore shower* Dates of spore shower, if Date of rust appearance, as Date of observation, if 
Year Period of exposure Number of sports in . any, 4 to 2 weeks before reported from the station any, regarding incidence 

brackets rust appearance. Number of rust 

of spores in brackets 
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1937-38 November 20— March 13... I December 19—22 (2f I January 27 — 3C (D February 19 
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TTie infon ivcd thtcd “Ri 
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rtJETHEB OK CEBEAL RUSTft IK INDIA 



1937-?* I ’November 15 — March 15 December 14 — 17 (2) ... No information 
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Z Z 2 2 



30. Sfaiilong 

f 932-33 September 15— January 26 No spores ... ... ... No crop 
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* Spore shower 12 to 9 days only before rust appearance 

J* Qliritfic F#>Kri}afV h 193 fi 


tURTHEE STUDIES ON CEREAI RUSTS IN INDIA 



Spore ihow< 0 days onl; appears 
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Dates of first spore shower. Dates of spore shower, if Date of rust appearance, as Date of observation,* if 
Period of exposure Number of spores in any. 4 to 2 weeks before reported from the station any, regarding incidence 

brackets rust appearance. Number of rust 

of spores in brackets 
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* Slides were not exposed after December 16, 1932 



formation wi ived from iuguppi, which is 12 mi iway 
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FURTHEK STUDIES ON CEREAL RUSTS IN INDIA 



i Slides were not exposed after January 7, 1933 

§ Teleuto-stage was present in the sample despatched on March 22, 1933 from Dohad, hence the date is incorrect 


iFUHTHEil STtJBIES ON CEEEAL RUSTS IK INDIA 



* Slides were not exposed after November 23, 1932 
f Slides were not exposed after February 4 , 1938 



i^UETHER STUDIES ON CEREAL RUSTS IN INDIA 



February I st week 

1936-37 October 15- February 26 November 16— 19 (2) November 30— December 4 December 20 


Dates of first spore sliower. Dates of spore shower, if Date of rust appearance, as Date of observation, if 
Period of exposure Number of spores in any, 4 to 2 weeks before reported from the station any, regarding incidence 

brackets rust appearance. Number of rust 
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* Slides were not exposed after November 7, 1 932 
f Slides were not exposed before December 25, 1936 
j Rust must have appeared a month or so earlier 
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ft Spore shower 14 to 10 days only before rust appearance 

§ Abundance of Teleuto-stage was present in the sample that swas collected on February 20, 1938 at Himayatsagar. Rust must have appeal about 
month earlier 




Dates of first spore shower. Dates of spore shower, if Date of rust appearance, as Date of obprvation, if 
Year Period of exposure Number of spores in any, 4 to 2 weeks before reported from the station any, regarding incidence 

brackets rust appearance. Number of rust 

of spores in brackets 



^ In miniature plot at the r qu< I tlie writer in June to kily, 1937 
{ Spore shower onl to 7 days be rui ;t appearance, incul ition likel; to b week oi 



Dates of first spore shower. Dates of spore shower, if Date of rust appearemce, as Date of observation, if 
Year Period of exposure Number of spores in any, 4 to 2 weeks before reported from the station any, regarding incidence 

brackets rust appearance. Number of rust 

' of spores in brackets 
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FURTHEB STUDIES ON CEREAL RUSTS IN INDIA 



1935- 36 September 1 7~*^nuary 2 November 24 — 27 (4) ... Nomst 

1936- 37 September 25 — March 20 October 2 1 — 26 (1) ... No rust 

1937- 38 September 27'-~March 4 ... December 27— 31 (1) January 3— -7 (1) January 22 


Dates of first spore shower. Dates of spore shower, if Date of rust appearance, as Date of observation, if 
Period of exposure Number of spores in any, 4 to 2 weeks before reported from the station any, regarding incidence 

brackets rust appearance. Number of rust 

of spores in brackets 
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Table III 

Summary of data given m Table II 


Serial 

number* 

! 

Province 

and 

name of station 

Mo. of years 
during which 
slides were 
exposed 

No. of years 
when spore 
showers took 
place 

No. or years | 
w'hen spores ! 
were caught 

4 to 2 W'eeks 

before rust 
appearance 

No. of years ; 

when no j 
spores could ' 
be detected 

4 to 2 W'eeks 
before rust 
appearance 

No. of years 
when no rust 
appeared or 
no information 
was received 
regarding rust 
appearance 

1 

PUNJAB 

Lyallpur ... 

9 

9 

6 

2 

1 

2 

Gurdaspur ... 

7 

7 

3* 

1 

2 

3 

Rupar 

6 

6 

1 


5 

4 

Hoshiarpur 

7 

7 

3 

1 

3 

5 

Rawalpindi 

6 

5 

2* 

... 

3 

6 

Simla 

6 

6 

6 

None 

None 

7 

Khanewal ... 

5 

5 


1 

4 

8 

Kamal 

5 

5 

5 

None 

None 

9 

BALUCHISTAN 

Quetta 

5 

( 

\ 

1 3 

Jjc 

1 

3 

10 

N.-W. F. PR0¥INCE 

Peshawar ... 

3 

1 ^ 
i 

2 

1 

None 

11 

SIND 

Karachi ... ... 1 

«». ; 

I 

j 

1 i 



1 

32 

Sakrand 

6. 

! 

1 6 

5 

' 1 

1 None 

1 

13 

DELHI 

Delhi , 

2 

i 

1 

2 i 

2 

1 

! 

None i 

None 

14 

UNITED PROVINCES 

Agra 

I 

9 

9 

1 

1 

8 

i 

i 

1 i 

1 

None 

15 

'Gorakhpur... 

8 

8 

6 

' i 

1 


* No slides were exposed during that period in orie of the ^’ears 
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Table Ill—^conid, 


Serial 

number* 

Province 

and 

name of station 

No. of years 
during which 
slides were 
exposed 

No^of years 
when spore 
showers took 
place 

No. of years 
when spores 
were caught 

4 to 2 weeks 
before rust 
appearance 

No. of years 
when no 
spores could 
he detected 

4 to 2 weeks 
before rust 
appearance 

No. of years 
when no rust 
appeared or 
no information 
was received 
regarding rust 
appearance 


UNITED PROfMCES 
— conid. 






16 

Allahabad ... 

3 

, 3 

2 


I 

17 

Cawnpore ... 

8 

7 

6 


2 

18 

Bareilly 

6 

6 

4 


2 

19 

Shahjahanpur 

6 

6 

4 

1 

1 

20 

Almora 

1 

1 

1 


... 

21 

Tarikhet ... 

5 

5 

2 

... 

3 

22 

Jhansi 

5 

5 

2* 


2 

23 

Benares 

5 

5 

4 


1 

24 

Fyzabad 

4 

4 

3 

1 

None 

25 

Dehra Dun 

3 

3 

2 


1 


BIHAR 

1 





t 

26 

Pusa 

7 

7 

6 

1 

None 

27 

Patna 

6 

6 

4 


2 

28 

Sabour 

6 

6 

3 

1 

2 


BENGAL 






29 

Myraensingh 

4 

4 

... 


4 


ASSAM 






30 

Shillong 

1 

No spores 



It 


RAIFUTANA 





I 

31 

Ajmer 

7 

7 

3* 

1 

2 

32 

Sriganganagar 

4 

4 

1 

... 

1 

: 3 


CENTRAL INDIA 






33 

Indore 

6 

5 

3 


3 


* No slides were exposed during that period in one of the years 
t There was.no crop that year 
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Table lll—contd. 


Serial 

Number 

Province • 

and 

name of station 

No. of years 
during which 
slides were 
exposed 

No. of years ; 
when spore i 
showers took | 
place 

No. of years 
when spores I 
were caught j 
4 to 2 weeks I 
before rust ; 
appearance I 

i 

No. of years 
when no 
spores could 
he detected 

4 to 2 weeks 
before rust 
appearance 

No. of years 
when no rust 
appeared or 
no information 
was received 
regarding rust 
appearance 


" ' 1 1 1 . .i 

CENTRAL ! 

PROVINCES j 






34 

Jubbulpore ... | 

7 

6 

5* I 

I 

None 

35 

S 

Nagpur ... ... I 

8 

7 

3 

I 

5 

36 

Khandwa ... 

3 

3 I 

2 

I 

••• i 

1 

37 

Pachmarhi ... 

6 

3 i 

... 

I 

6 

38 

Powarkhera 

4 

4 

4 

I 

None ’ 

None 

39 

Saugor 

2 

2 

I 

I 

1 

40 

Raipur 

2 

2 

2 

Neither j 

Neither 


BOMBAY-DECCAN 

I 



i 

I 

i 


41 

Poona (College farm) . . . 

7 

7 

5 

! I 

I 

1 

42 

Poona (Observatory 

Tower 1 20 ft. above 
ground) 

5 

5 


I ! 

1 1 

1 

43 

Niphad 

7 

7 

7 

None 

None 

44 

Dharwar 

7 

7 

6* 

None 

None 

45 

Arbhavi 

6 

5 

3 

... 

3 

46 

Dohad 

7 

7 

4 * 

... 

2 

47 

Wagra 

2 

2 


... 

2 

48 

Baroda 

6 

6 

4t 

None 

None 

49 

Broach 

4 

3 

2 

... 

2 

50 

Jagudan 

6 

6 

5* 

None 

None 

51 

Amreli 

6 

5 

3 

I 

1 

[ ^ 


t On the basis of information regarding dates of rust appearance from the Coliege farm 
* No slides were expwed during that period in one of the years 
t No slides were exposed during that period in two of the years 
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Table III — contd. 


Serial 

Number 

Province 

and 

name of station 

No. of years 
during which 
slides were 
exposed 

No. of years 
when spore 
showers took 
place 

No. of years 
when spores 
were caught 

4 to 2 weeks 
before rust 
appearance 

No. of years 
when no 
spores could 
be detected 

4 to 2 weeks 
before rust 
appearance 

No. of years 
when no rust 
appeared or 
no information 
was received 
regarding rust 
appearance 


HYDERABAD- 

DECCAN 






52 

Parhhani ... 

6 

6 

n 

1 

None 

53 

Himayatsagar 

6 

5 

4 

2 

None 

54 

Raichur 

1 

No spores 


... 

it 


MADRAS 






55 

Bellary (Hagaril 

6 

6 

3 

1 

2 

56 

Coimhatore... 

6 

6 

3 

1 

2 

57 

Guntur 

6 

4 

2 

... 

4 

58 

Koilpatti ... 

I 

No spores 

... 

... 

It 

59 

Anthiyur ... ... 

1 1 

1 

... 

i 

1 

60 

Udumalpet 

I 

1 

1 

None 

None 


MYSORE STATE 




i 

1 

i 


61 

Hebhal (Bangalore) 

6 

6 

2 


4 

62 

Mandya (Mysore) 

! 6 

6 

4 


2 

63§ 

Hiriyur (Chitaldroog) ... 

i 6 

I 

[ 

6 

i 4* 

1 

1 

1 

None 


t No slides were exposed during that period in two of the years 
t There was no crop that year 

* No slides were exposed during that period in one of the years 

§ The total niimher of stations was 62. At Poona, two aeroscopes (Nos* 41 and 421 were exposed 





Black Rub 



■{■ Observations marie by members of the rust research staff or occasionally the writer. Range of crop infection relates to different fields and on different 

varieties at that locality 

spore shower might have occurred on February 25, due to some earlier wind 

NOTE.' stated under Methods of study, the date of rust appearance was put back by 3 — 4 weeks in such cases, where a member of the rust research 
staff found heavy infection (70 per cent or above) within a week ot so of the reported date of first appearance of rust at the station concerned 


3 



if The spofe shower might have occurred on February 25, due to some earlier wind 
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Dates of spore shower soon after Date of rust ^ i i i 

Height of the Date of the wind. Dates of subsequent appearance. Area or stations where rust bad appeared 

Year wind in feet wind showers, if any, f4 to 10 days as reported from the at least 15 dap prher. Dide of ru^ 

above sea level trajectory or so before rust appearance station. Incidence appearance or incidence within brackets 

within brackets within brackets 
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ad referred to previous column ha; beei i included in the list of tli* ullo’ 

>re shower mi /e occurred on Janui 22, due to some earlier wind 



contd. 
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Tabi.k V onid 


Further studies oir cereal rusts in ixdia 
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t The spore shower might have occurred on November 28 , due to some earlier wind 





Tabi.e V- ontd 
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Tab) ontd 


FURTHER STUDIES OX-CEEEAL BUSTS IN INDIA 



4A 
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FUBTHEE STUDIES ON CEEEAL BUSTS IN INDIA 




Su'i ary of data of 4966 Ind-trajectories studied for the dissemination Black us du 1932 to 38 
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1937-'38 March 17 February 26 to March 2 February 15 to March 2 64 0 0 0 0 ... ... 16(74-7?) 

(March 2”--5) 
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1936-37 February 24 February 6— 9 ... January 24 to February 8 64 6 2 0 0 8 Central Nepal, 10(10) 

(February 9-“l 2) Gorakhpur, 

, Fyzabad, 

Amreli, 

Niphnd 


tinivx 
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Situated at fc hills 

J The informa i received stated rusts were found in t rst and second week of Febru 

fin central Ne 10 to 20 per cent crop infection was erved on December 23, 1934 

*In central N{ 1 nearly 30 per cent crop infection wai served on December 6, 1936 
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^ No B I ides wer« oxpnBtjd nt this Ktalioii 
Situated at foot-hills 

t At this station rust was found in traces on November 23 
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Slides were not exposed after January 19 ^ lo on 

At this station up to 65 per cent crop infection was observed on January iV-ZU 
Rust was found in traces on December 25 — Tl in this area 




.4 



1937-38 January 5 ... f December H—1 7 ... December 5““20 ... 44 0 0 0 3 2+1? Chitaldrooi 

(December 21 — 24) { 



Table 
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Total number 
of possibly 
relevant winds, 
i.c., from the 
hills. Those 
followed 
by spore 
showers 
within 
brackets 

O O O O o o o 

Stations 
of earlier i 
rust 

appearance 
passed 
over by 
relevant 
winds. 

Ref. Tables 

II and V 

Pottangi, 

Hyderabad, 

Bellory, 

Arbhavi 

1 

Parbliani, 

Broach, 

Nip had 

Number of 
relevant 
winds 

followed by 
spore 
showers 

: : : : : : 

Number of winds 


na 

o o o o o CN 


o 

o o o o o o 

•TJ > ' 

o ^ - 

M 

cn o o o o o — 


es 

o c? o o o o o 

Studied 

1 

40 

43 

41 

48 

66 

54 

48 

1 

Period of wind 
trajectories 

HYDERABAD-DECCAJ 

18. Parbhani 

December 23 to January 6 

December 3 — 18 

December 14-— 29 

19. Himayatsagar * 
near Hydeirabadi 

November 20 to 

December 5 

November 19 to Dec- 
ember:' 10 

November 9—23 

January 8—23 

Dates of spore shower, 
if any, nearly 4 to 2 
weeks before rust 
appearance; those only 

14 to 10 days or so 
earlier in brackets j 

January 10 — 14 

t ... 

December 27 — 30 

December 1 7—22 ; 
November 30 to Dec- 
ember 7 

December 5—1 6 ; 
November 22—26 
(December 5—9) 

fNovember 19 — 22 
(November 26 — ^30) 

f January 2 1 "—24 

(January 24—28) 1 

Date of rust 
appearance as, 
reported from the 
station. Incidence 
where known within 
brackets 

January 23 

January3 

1 ; traces) 

January 14 

Middle of January 
(January 20 — ^21 ; 
5-100 per cent) 

January 15 
(January 19; 1-100 
per cent) 

December 9 

February 8 ... I 

Year 

so I>« C30 iC*. so r>. 

cr\ c<^ c<^ C'!^ cn 

ITS so sn so 

rrs m <r\ cn ro «ys, m 

CJs CJs Os CTs CTs Os. Cs 


Slid' were not exposed before December 25, 193( 
Wir 5 that might be taken as ‘ possibly relevant 


Slallons Total number 

Number of winds of earlier of possibly 

Date of rust Dates of spore shower, Number of rust relevant winds, 

appearance, as if any, nearly 4 to 2 ~~ relevant appearance i.e„ frorn the 

Year reported from the weeks before Otst Period of wind Found to be winds passed hills. Those 


lie 
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1 933-34 December 18 ... November 19 — 23 ... November 10 — ^25 ... 63 0 0 0 1 0+1? Oolacamund 

(December 18; 5— (NilgirJs) 

10 per cent) 
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(-) Slides were not exposed after July 16 till February 5 
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Table VII 


Relevant and Possibly Relevant mnds ah differerd heights in relation to the 
dissemination of Black Rost during 1932 to 1938 


Serial 

number 

i 

1 

i 

Province and 
Station. 

Altitude in feet 
above sea level 
within 
brackets. 

Period of study 

Height 
of winds * 
in feet 
above 
sea level 

Total 

number 

of 

winds 

studied 

i 

Relevant winds : 
(a^Tota! number, 

(h Number for 
specified height 
only followed by 
spore showers, 

(c) Number along 
with winds 
at other heights 

1 followed hy spore 
j showers 

Possibly! Relevant winds ; 
(i-ful From different hills, 

(u) Number for specified height 
only followed by spore showers, 
(til) Number along with winds at oi 
heights foliow'ed by spore shower 

ther 

■s 

(q) 

(b) 

w 

(0 

(ii) 

(m) 1 

I 

(v) 

(vi) 


PUNJAB 












! 

Lyallpur(605) ... 

1,640 1 

82 

2 

0 


0 


9 

0 ; 

1 1 

7 


6 years 

3,280 

83 

3 

0 


i 

0 

14 

5 



5 



4,920 

81 

I 

0 ; 

i 0 

0 

7 

3 



2 



6,560 

85 

0 

0 



9 

2 

i I 

I 0 i 

j 

0 1 

3 

2 

Hosbiarpur* (702) 

1,640 

58 



f 

i 0 

1 


, 22 

[ II 

■ 0 * 

; i 

: 1 i 

12 


3 years 

3,280 

57 


1 0 

0 


22 

5 


0 

12 



4,920 

58 

1 

i I 

! ^ : 

0 

1 I 

! 0 i 

1 

1 16 

5 

0 ' 

0 

11 



6,560 

59 



0 

1 

1 

! ° 

15 

2 

i 0 

0 

i 

7 


i SucK winds as originated from or passed over hill stations where this rust had been found to oversummer 
or observed in an advanced stage from year to year, due to early sowings, long before the period 
of winds, were taken as * possibly relevant,* as explained under Methods cf Study 

(i) Number of winds coming from central Nepal 
(I'O Number of winds coming from Kashmir and Murree hills 
(m) Number of wnds coming from Siwalilc and Kumaon hills 
(iv) Number of winds coming from Nilgiris 

* Situated at foot-hills 

Note.— In addition to the number of ‘relevant winds’ followed by spore showers,- as shown in columns (b) 
and (c) above, there were 41 such winds at different heights, in relation to which spore showers also 
occurred but they are not included in those columns because the periods of spore showers were not 
strictly in accordance with the heights of the winds concerned, as explained under sub -head 10 (ii). 
Similarly, 113 ‘possibly relevant’ winds have not been shown in columns (i’) and (I'f). These 
numbers are, however, included in columns (a) and In most of these cases, spore showors 

took place a day or two earlier than the maximum period reckoned for each height (1 ,640 to 6,560 ft. 
above sea level), possibly because of the absence of great disturbance in the air below those winds. 
It is e.,ua!Iy likely that some of those spore showers were caused by winds, from other and un- 
known sources, which blew during the intervals between daily meteorological cbservalions. 
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1 



Relevant winds : 

1 . 


# ’ 

(g 1 Total number. 

i Province and 



(h) Number for 

1 Station. 

Height 

I'otal 

specified height 

i Altitude in feet 

of winds 

number I 

only followed by 

: above sea level 

in feet 

of 

spore showers, 

i within 1 

above 

winds i 

(c) Number along 

1 brackets. I 

j Period of study 

I 

i 

j 

J 

! 

sea level 

- — — .... ■ I 

studied I 

j 

with winds 
^at other heights 
followed by spore 
showers 

ih) I (cl j 


Possibly Relevant winds : 

(i-iv) From different bills, 

(ij) Number for specified height 
^ only followed by spore showers, 

(vi) Number along with wnds at other 
heights followed by spore showers 


0) (k) (m) (iv) (t?) (vi) 


3 Rawalpindi* (1,674) 
• 2 years 


4 Karnal(900) 
5 years 


0 0 0 


SIND 

5 Sakrand(120) 

5 years 


DELHI 
6 Delhi (714) 

I year 


1 1,6-40 

I 3^80 
4.920 
6,560 


UNITED 

PROVINCES 


0 0 0 
0 0.0 

4 1 1 
4 0 I 
3 I 1 
0 0 0 


0 16 18 

0 12 II 

0 10 7 

0 10 4 

0 0 3 


0 0 0 0 , 
0 0 0 0 


0 0 


0 0 
0 0 


0 0 0 0 ' 7 I 3 

I 

0 0 0 0 3 i 1 

I 

0 0 0 0 1 j 0 


0 0 


7 

Agra (554) 

1, 640 

93 

5 

I 

3 


6 years 

3,280 

9I 

2 


2 



4,920 

9l 

5 

3 i 

I 


I 

6,560 j 

92 

I 

i I 

0 j 

0 


0 } 0 1 I 0 


9 I 28 
3 i 18 


0 0. I 

0 0 2 


110 3 
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Table VII — contd. 


Serial 

number 

Province and 
Station. 
Altitude in feet 
above sea level 
within 
brackets. 

Period of study 

Height 
of winds 
in feet 
above 
sea level 

Total 

number 

of 

winds 

studied 

Relevant winds : 

(a) Total number, 
(ii Number for 
specified height 
only followed by 
spore showers, 

(ci Number along 
with winds 
at other heights 
followed by spore 
showers 

Possib 
(Uv) f 
{v'i Num 
only folloi 
{vi \ Number 
heights fol 

y Relevant winds : 
’’rom different hills, 

>er for specified heighf 
ved by spore showers, 
along with winds at o1 
owed by spore shower 

f 

ther 

s 

(a) 


(cl 

(n 

(.71 

(m) 

(iv) 

(«1 

(vi) 

8 

Gorakhpur* (257) ... 

1,640 

73 

9 



14 

1 

23 

0 

3 

4 


5 years 

3,280 

70 

8 

0 


11 

1 


0 

! 1 

4 



4,920 

. 72 

3 



3 

3 

17 

0 


3 



6,560 

74 

4 

1 


1 

2 

24 

0 

1 

3 


BIHAR 












9 

Pusa(188) 

1,640 

87 

20 

1 

8 

18 

0 

5 

0 

1 

7 


6 years 

3,280 

86 

21 


12 

16 

1 

5 

0 


6 



4,920 

86 

15 

1 

9 

9 

4 

5 

0 


3 



6,560 

86 

14 


7 

8 

1 

3 

0 

0 


10 

Sabour(i22) 

1.640 

49 

11 

3 

2 

6 


4 

0 


1 


4 years 

3,280 

56 

12 


5 

14 


3 

0 

0 

3 



4,920 

59 

14 

2 

7 

12 

2 

2 

0 

0 

4 

V 


6,560 

54 

20 

I 

7 

! 9 

1 

1 

0 

0 

2 


BENGAL 

1 











1! 

Mymensingh (62) 

1 

1,640 

27 

1 

t 

t 

P 

R 



i 

t 


2 years 

3,280 

28 

2 

t 

t 


m 



t 

t 



4.920 

29 

6 

t 

1 t 


0 

I 

0 

t 

t 


\ 

6,560 

31 

i 

1 ^ 

t 

■ t 

4 




t 

i 


* Situated at foot-hills 
t No slides were exposed at this station 
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Tabi.e VII — contd. 


Serial 

Bumbcr 

Province and 
Station. 

Altitude in feet 
above sea level. 
Number within 
brackets. 

Period of study 

Height 
of winds 
in feet 
above ! 
sea level 

Total 

number 

of 

winds 

studied 

Relevant winds : 

(a) Total number, 

(h) Number for 
specified height 
only followed by 
spore showers, 

(cl Number along 
with winds 
at other heights 
followed by spore 
showers 

Possiblyf Relevant winds : 
(r-fu) From different hills, 

(v) Number for specified height 
only followed by spore showers, 
(dO Number along with winds at o 
heights followed by spore shower 

( 

ther 

s 

(a) 

m 

w 

(i) 

(a) 

(«) 

(iv) 

(») 

(of) 


ASSAM 












12 

DhubrinilS) ... 

1,640 

34 

0 

t 

t 

0 

0 

1 

0 

t 

t 


2 years 

3.280 

37 

0 

t 

t 

0 

0 

. 2 

0 

t 

t 



4,920 

35 

4 

t 

t 

1 

0 

0 

0 

t 




6,560 

26 

2 

t 

t 

0 

! 

2 

0 

t 

% 


CENTRAL 













PROVINCES 












13 

i Jubbulpore (1,289) 

1,640 

109 

14 

3 

6 

2 

2 

14 

0 

1 

1 1 


6 years 

j 

3,2^ 

1 

101 i 

1 

8 

2 

4 

3 

4 

8 

0 

5 

1 

1 



4.920 

102 * 

8 

0 

4 

0 

1 

2 

0 

0 

i 0 



6,560 

104 

13 

1 

5 

0 

1 

2 

0 

1 

t 

0 

!4 ’ 

Khandwa (1,044) ... 

1,640 

14 

3 

3 

0 

0 

0 

0 

0 

0 

0 


1 year 

3,280 

12 

1 

0 

0 

0 

0 

0 

0 

0 

0 



4,920 1 

10 

2 

0 

1 

0 

0 

0 

0 

0 

0 



6,560 

11 

3 

0 

2 

0 

0 

0 

0 

0 

0 


ORMSSA 

i 












15 

Potfcangi 

3,280 

34 

0 

t 


0 

0 

0 

0 

{ 

1 


(3,000-3,500) 













(Jeypore Agency) 

4,920 

35 

0 

t 


J 0 

0 

0 

0 

% 

J 


area- 













2 years 

> 6,560 

33 

0 

t 

1 ' 

0 

0 

0 

0 

t 

t 



: 9,840 

13 

0 

t 

t 

0 

0 

0 

0 

J 

t 


t No slides were exposed at tLis station 
Situated at foot-hills 
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Table Nll—contd. 


Serial 

number 

Province and 
Station. j 

Altitude in feet j 

alwve sea level. 
Number witbin 
brackets. 

Period of study 

Height 
of winds 
in feet 
above 
sea level 

\ 

Total 

number 

of 

winds 

studied 

i 

Relevant winds : 

(a\ Total number, 
(6) Number for 
specified height 
only followed by 
spore showers, 

(c) Number along 
with winds 
at other heights 
followed by spore 
showers 

Possiblyf Relevant winds: 

{i~w) From different hills, 

(i?) Number for specified height 
only followed by spore showers, 

(yi) Number along wth winds at other 
heights followed by spore showers 





{a) 

(J) 

(c) 

(<■) 

(“) 

{Hi) 

(lu) 


(w) 


BOMBAY- 

DECCAN 


i 










16 

Poona* (1,834) 

3,280 

78 

\ 

1 

0 

0 

0 

0 

0 

0 

0 


5 years 

4,920 

75 

0 

0 

0 

0 

0 

0 

0 

0 

0 



6,560 

74 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17 

Dharwar (2340) ... 

3380 

89 

15 

0 

13 

0 

0 

0 

0 

0 

0 


6 years 

4,920 

87 

17 

0 

14 

0 

0 

0 

0 

0 

0 



6,560 

79 

16 

2 

11 

0 

0 

0 

0 

0 

0 



9,840 

9 

5 

0 

5 

0 

0 

0 

0 

0 

0 


HYDERABAD- 

DECCAN 












18 

Parbkni(1350) ... 

1,640 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 


3 years 

3,280 

38 

9 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 


I 4,920 

j 

34 

1 

0 

0 

0 I 

0 1 

i 0 

0 

' 0 

0 

1 


6,560 

24 

I 

0 

i 

0 i 

0 

0 i 

> 0 

0 

0 

■0 



1 9,840 

11 

0 

0 

0 1 

i 

0 

i 

0 i 

i 

0 

0 

0 

0 

19 

Himayatsagar (! ,776) 

3,280 

69 

0 

0 

0 1 

0 

I 

! 

^ 0 1 

0 

0 

0 

: 0 


4 years 

4,920 

69 

2 

2 

1 i 
I ^ 1 

0 

0 

0 

1 ' 

0 

0 



6,560 

67 

1 

1 

0 i 

I 

0 

0 i 

0 

0 

0 

, 0 



9.840 

11 

0 

0 

0 1 

0 

0 1 

i 

0 

I 0 

0 

0 


Situated at foot-hi!!s 
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Table Yll—contd. 


Serial 

number 

Province and 
Station. 
Altitude in feet 
above sea level. 
Number witbin 
brackets. 

Period of study 

Height 
of winds 
in feet 
above 
sea level 

Total 

number 

of 

winds 

studied 

Relevant winds. 

(a) Total number, 
(h) Number for 
specified height 
only followed by 
spore showers, 

(c) Number along 
with winds 
at other heights 
followed by spore 
showers 

(t 

0 

(vi) 

heigl 

Possiblyi Relevant w 
(i-fi?l From different 
) Number for specific 
[ily followed by spore 
dumber along with wi 
its followed by spore s 

inds : 
hills, 
d height 
showers, 
nds at other 
lowers 

1 

(a) 

(h) 

(c) 

(0 

(a) 

(ni) 

(io) 

(«) 

(vi) 


MADRAS 







■ 

1 




20 

Coimbatore* (1 ,341 ) 


53 

7 

3 





0 

0 

0 


3 years 


53 

2 

0 

1 


H 

m 

0 

0 

0 




52 

8 

2 

1 


0 

0 

0 

0 

0 





7 

1 

2 


0 

0 

0 

0 

0 


MYSORE 












21 

Bangalore (3,021) ... 

3.280 

16 


0 


0 

0 

0 

0 

0 

0 


1 year 

4,920 

15 


0 


0 

0 

0 

0 

0 

0 



6.560 

16 

1 

0 


0 

0 

0 

0 

0 

0 



8.200 

16 

0 

0 

0 

0 

0 

0 

0 

0 

0 

22 

Mandya* (2,580) ... 

3,280 

67 

1 

0 


0 

0 

0 

2 

0 

0 


4 years 

4.920 

67 

1 

0 

1 

0 

0 


0 

0 

0 



6.560 


I 

0 


0 

0 

0 

0 

0 

0 




16 


0 

0 

0 

0 

0 

0 

0 

0 



9,840 

22 

1 

0 


0 

0 

0 

0 

0 

0 



13,120 

1 

1 

0 


0 

0 

0 

0 

0 

0 


(Tiajectories based 

r 9.840 

8 

8 

3 

3 

0 

0 

0 

0 

0 

0 


on cloud observa- 













tions) 

L 13.120 

I 

I 


1 

0 

0 

0 

0 

0 

0 

23 

Chitaldroog* (2,405) 

3,280 


2 



0 

0 

0 

0 

0 

0 


6 years 

4,920 

102 

3 



0 

0 

0 

0 

0 

0 



6,560 

95 

2 



0 

0 

0 

' i 

0 

0 



9.840 

21 




0 

0 

0 

0 

0 

0 


TOTAL ... 

... 


373 

41 

140 

132 

230 

287 

2 

35 

155 


Situated at foot-hills 
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Dates of spore shower soon after Date of rust 

Height of the Date of the wind. Dates of subsequent appearance, Area or stations passed over. Dates 

wind in feet wind showers, if any, 14 to 10 days as reported from the of rust appearance or incidence 

above sea level trajectory or so before rust appearance station. Incidence wbere known within hrackcts 
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Table mid 
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Ylll— conta 


128 


FUETHTE STUDIES ON CEEEAL BUSTS IN INDIA 



The migl red on Octobei ►vemb( 
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Table IX 


Earliest date ami the usual period of the appea 'ance 0/ Black Ru&t in the fooi-kills 

and pJaiiis 


Serial 

number 

Province 

1 Name of Station 

j Earliest date of nist 
: appearance, as reported 
from the station. 
Incidence -T within 
i brackets 

Usual period of mst 
appearance 

1 

PUNJAB 

Gurdaspur* 

March !7 

IVfarch 4th week 

2 


j Hoshiarpur*^ 

February 1st week 

February 2nd week 

3 


; Rawalpindi* 

March 3rd week 

April 3rd week 

4 


■ Ruparf 

March 1st week 


5 


; Lyallpur ... 

i Mai'ch 1st week 

March 3rd week 

6 


Khanewal f 

i March 23 

... 

7 


Kamal 

February 27 

March 1st — ^2nd week 

8 


Ambala 

(March 17; 10-20 per 
cantl 

March—April 

9 


Juilundar ... 

p.-arch 12 ; traces) 

March—April 

10 

N.-W.R PROVINCE 

Peshawar ... 

1 

Fehruaiy' 27 

March 1st week 

11 

SIND 

j Sakrand ... ... j 

February 28 

March 2nd — ^3rd week 

12 

DELHI ... 

1 Delhi 

(February 22 ; one plant) 

March 3rd week 

13 ‘ 

j 

L'NITED provinces' Dehradun* 

(.March 18; traces) 

' March 3rd w’eek 

14 i 


Gorakhpur* 

December 30 

January 2nd week 

15 


Gainsari * ... 

(February 15 ; traces) 

February 2nd — ^3rd week 

16 


Nautanwa* 

(January 1 4 ; 20 per cent) 

January^ 1st — ^3rd week 

17 


Haldwani* 

(February 4tb week) ... 
(March 21 ; 80 per cent) 

j March 1st week 

18 


Naipalganj Road*! 

' Qanuary 10; traces) ... 

... 

19 1 
1 


Shahjahanpur 

(February 1 — 2; traces) j 

February 1st — ^3rd wwfk 

20 


Bareilly 

February 8 

February 4th week — 
March 1 st w^eek 

21 


Chandausi | 

(January' 30 ; common) 

... 

22 


Barahanki 

j (December 29 ; traces) 

January 3rd — 4th week 


+ Obsemtions made by members of tbe rust research staff or occasionally by the writer. Range of crop infectjon 
relates to different £elds and on difoent varieties at that locality. 

’^Situated at foot-hills 

f From this station rust was reported only once. 

I At this station rust was observed only once. 


5 
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Table IX — contd. 


Serial 

number 

i 

! Province 

! 

1 

j Name of Station 

i Earliest date of rust 

1 appearance, as reported 
i from the station. 

I Incidence within 

I brackets 

Usual period of rust 
appearance 

23 

j 

1 

j Gonda 

1 

1 (January 3; traces) 

January — ^February 

24 

1 

’ Fyzabad ... 

December 4th week 

January Middle— 
February 3rd week 

25 


1 Agra 

(February 6 ; traces) ... 

February 3rd week 

26 

1 

^ Cawnpore ... 

j December 4th week 

February 1st — ^2nd week 

27 

i 

1 

j Lucknow ... 

1 

(jMuary 31 ; 20 per cent) 

January 3rd week— 
February 3rd week 

28 

I 

Allahabad ... 

February 2 

February 1 st — ^2nd week 

29 

! 

1 

Benares 

January 27 

End of January' — 

February 

30 

1 

1 

Jhansi 

(February 2 1 ; traces — 

40 percent) 

February 1st — 4th week 

31 

1 BIHAR 

1 

Pusa 

January 31 

February 2nd week 

32 

1 i 

! 

Patna 

January 4th week 

1 January End — Early 

March 

33 

I 

Sabour 

February 2nd week 

March 1st week 

34 

BENGAL ... j 

i 

Mymensingh 

(February 15; traces — 

3 per cent) 

February 1st — Ith week 

35 

ASSAM ... 1 

Dhubri* ... 

i 

1 

(January 23 ; 1 ~25 per 
cent) 

January End to February 
End 

36 

RAJPUTANA ... 1 

Ajmer ... ... ■ 

February 26 

March 1st — ^2nd week 

37 

j 

Sri Ganganagar t ... | 

1 

March 1st week 


38 1 

i 

CENTRAL INDIA 

I 

Indore ... ... ; 

1 

i 

February 3rd week 
(February 27 ; 1 00 per 
cent) 

February 3rd week 

39 

40 

CENTRAL ... i 

PROVINCES i 

i i 

Jubbulpore ... i 

Nagpur ... 1 

January 28 

February 2 

February 3rd week 

February 3rd — 4th week 

41 


Khandwa ... ... j 

January 30 

February — ^March 

42 

i 

Powarkhera... 

January 19 

Feb uary 1st — ^2nd week 

43 

1 

Saugor 1 

(February 26 ; traces^--60 
per cent) 

... 


* Sitimted at foot-hOIs 

f From^this station Hist was reported only once 
I At this station rust was observed only once 
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Table IX — conid. 


Serial 

number 

Province 

Name of Station 

EArliest date of rust 
appearance, as reported 
from the station. 
Incidence within 
brackets 

Usual period of rust 
appearance 

44 


Raipur 

February 22 

February End — 

Early March 

45 

BOMBAY-DECCAN 

Pooiia* * * § ^ 

November 2nd v»reek . . . 

December — ^January 

46 


Niphad* 

Decembers 

January 1st week 

47 


Dharwar ... 

November 21 

December — ^January 

48 


Arbhavi 

November 25 

December End — 

Early January 

49 


Dohad 

■January 31 

Februaiy’ 2nd — 4th week 

50 


Baroda 

January 28 

February 1st — ^3rd week 

51 


Broach 

January 3 

January— February Middle 

52 


jagudan 

January’ 29 
(February 6; 0-100 
per cent ) 

1 February lst“2nd week 

53 


! Amreli 

December 20 

1 December End — 

: Early February 

54 

1 HYDERABAD- ... 

. DECCAN 

i 

1 Parbhani ... .«. ■ 

December 15 ... j 

January 2nd — ^3rd week 

55 ' 

1 Himayatsagar ... : 

j (near Hyderabad! 

1 

December 9 ... ; 

; January — February 

i 

i 

56 : 

i MADRAS ... ! 

' Bellar}’ 

(November 1 4 ; 1 -2 per ' 
cent! 

‘ January 1st week 

57 


I Coimbatore’^ 

t 

September lOf 

^ Februarj' 1st — ^3rd week 

58 ^ 

! ’ 

! 

Guntur 

1 

1 December End 

1 January 1st — 2nd week 

59 

1 

! 

Udumalpet J 

(March 9 ; 0-80 per cent! 

1 

60 1 

^ MYSORE STATE ... i 

Mandya* ... 

October I6§ ... ; 

1 December — ^January 

61 ; 

i 

1 

j 

Hiriyur (Chitaldroog!* 

i 

(October 22 ; 5 per cent')!' j 

1 December — ^January 


* Situated at fcotAllls 

f In miniature plots sown, at the request of the writer, during Jiuie-July, 1937 

4 At this station mst was observed only once 

§ On wheat sown in a miniature plot in August, 1935, at the request of the writer 

11 On early wheat crop sown in August, 1935 

Explanatory notes on Map Nos. 2 to 54. Ref. Tables V and VIIL 

(i) In order to economise space only portions of maps showing the wind-traisctories have been included. 

(it) The scale of each map is I in. — ^34 1.3 miles. 

(Ui) Shaded portions represent hills and hilly tracts. 

(fi?I Each wind-trajectory bears the label A, B or C etc., representing heights of 1640, 3280, 4920 feet above 
sea laveL respectively. These heights have been mentioned in the foct-notes to each map, 

(t?) ^‘herever no date of rust appearance was reported from the station concerned information, if avail- 
able, regarding the incidence of rust on the date of observation by the writer or a member of the 
rust research staff is given within brackets. 
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PART THREE 

Dlsseniination of Pucdnia triticina Erikss. 

12. Review of literature 

With regard to the dissemination of,P. triticina, the brown or leaf rust of 
wheat, there is very little information in the literature. The writer [Mehta, 
1925] observed that in India outbreaks of brown rust in the plains are probably 
caused by uredospores blown down from the hills where it is able to oversummer. 

Shitikova.-Roussakova [1927] stated that direction and strength of the 
wind play a doniinant part in the introduction of rust infection &om those 
regions where owing to prevailing natural conditions the rust appears first. 
According to her, brown rust of wheat is disseminated to the Amur region from 
North Manchuria where, like the black stem-rust, it is able to overwinter in the 
uredostage. 

Roussakoff [1929] made a similar obseiw^aticn regarding the dissemination 
of inoculum causing simultaneous infection of winter and spring w^heats at 
Eysk, the U. S. S. R. from outside areas w’here this rust had successsfully over- 
wintered. This author also states that spores of P, triticina are carried 50 to 
250 kilo-meters over the sea without losing their infectivity. 

The writer [Mehta, 1931] has already published observations on. the disse- 
mination of wheat rusts from the hills of India to the plains. 

Shitikova-Roussakova [1931] again observed that the appearance of P, 
triticina on spring w^heats in the iAtnur region in 1926 was exclusively caused by 
the introduction of spores from North Manchuria by southerly winds. In the 
following year, according to this author, rust was introduced into the Yeisk 
(North Caucasus) region from the Rostoff district where its spores had over- 
wintered owing to mild w'eather. 

The wTiter [Mehta, 1933] again observed that uredospores of this rust had 
been caught at several stations in the plains of India, well before its appearance 
on the local w^heat crop. 

According to Ukkelberg [1933] the average rate of fall of uredospores of 
P. triticina in still air is 12.62+0.07 mm. per second. The average theoretical 
dispersal distance of uredosporS of this rust from an altitude of 5,000 ft. by a 
SO-mile wind w’-as found to be 1,000 miles. 

Savulescu [1938] stated that in Rumania the principal sources of infection 
by all the three rusts of wheat are the air-borne uredospores from the surround- 
ing w^heat-growing countries. 

According to Craigie [1939], leaf rust of wdieat is regularly introduced into 
Manitoba by wind-borne spores as there is little possibility of its survival 
locally from year to year and spores are aiw-ays present in the air in advance 
of infection of the w^-heat crop. 

The WTiter [Mehta, 1939, 1940] referred to two important foci in the hills 
wherefrom this rust is disseminated rather early in the season. 

13. Study of dissemination with the help of aeboscoee-slides 

Full information regarding this study is given in Tables X and XI. 
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14. Study of balloon and kite -slides 

As stated in Part Two, spore catching experiments •with the help of balloons 
and kites were carried out only at the Agra Observatory and the data obtained 
from this study are given in Table XII. 

15. Study of dissemination with the help of wind-trajectories 

During 1982 to 1988, 8,412 wdiid- trajectories w'ere studied in connection 
with the dissemination of browm rust to representative stations. 

As -with black rust, the relevancy of wunds wes carefully scrutinized in 
relation to the dates of spore showers and of rust appearance at those stations. 
Representative trajectories are reproduced in Map, Nos. 55 to 89. Full informa- 
tion regarding these "vunds is supplied as foot-notes to the maps. 

The general observations made in Part Two concerning ‘ relevant ’ winds 
apply here also. The details given in Maps 55 to 89 are summarized in Table 
Xlli. In Table XIY detailed information regarding the total number of wind- 
trajectories studied, the number of w'inds found ‘relevant’ as well as those 
‘ possibly relevant for all the four heights taken together, is supplied. Infor- 
mation about the relevancy of winds of different heights is summarized in Table 
XV. 


16 . Discussion 

Much of w^hat has been stated in Part Twd applies to browm rust as well. 
The various aspects of the dissemination of this rust are briefly discussed 
below’ : 

(i) Dates of rust appearance in relation to spore shatters 

It is clear from Tables X and XI that at a large number of stations uredo- 
spores of browm rust w’cre caught 4 to 2 weeks before its outbreak on 
the local w’heat crop. 

On the other hand, from the study of aeroscope-slides no spore show’exs 
could be detected just before the commencement of the incubation period at 
several stations during certain years. Although spores wmre caught at most of 
the stations in Peninsular India, this rust appeared only occasionally and in 
some years it was reported to be altogether absent. Tliis is probably due to 
the fact that browm rust thrives under a range of temperature slightly lower 
than the black, as previously recorded by the wwiter. The difficulties in . the 
way of an adequate explanation of the absence of spore show’ers in all cases where 
rust appeared have already been discussed in Part T\to. This matter is further 
dealt with under General Discussion and Conclusions in Part Five. 

{ii) Spore showers in relation to winds 

Scrutiny of data regarding the relevancy of winds of different heights in 
relation to spore showmrs and dates of rust appearance was done on. the lines 
described under sub-head 10 (ii) dealing with black rust. 

The maps, referred to above, show’ a distinct correlation between the wind- 
curves that have been reproduced and subsequent spore showers which in all 
probability led to rust outbreaks. As with black rust, such winds as started 
from or passed over stations w’bere the outbreak occurred 1-2 months earlier 

5A 
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MAP NO. 55 MAP NO. 56 



55* LYxyLLPUR (B05 ft. above sea level). BROWN RUST. ORIGINAI. MAP No 1,504. 

Date and heigM of trajectory in feet ... February 25, 1937 : A — 1040- 

Dates of spore showei*s soon after tbe wind ... February 25 — March 1 & March 1 — 4. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... March — 11. 

Date of rust appearance ... ... March 20. 

A— The mud was traceable from Siwalih hills and passed near Gurudaspiir and Hoshiarpiir 
where this rust had appeared cn December 4, 1936 and January 15, 1937 
respectively. 

56. UYAIXPUR m05 ft. above sea level). BROIW RUSTh ORIGINAL MAP. No; 1,164. 

Date and heights of trajectories in feet . ... March 3, 1936 : B--3280. 

C-4920, 

D™.6560. 

Dates of spore showers soon after the winds ... March 3 — 6 & 6-~-10. 

Dates of spore shower 14 — 10 days before rust 
. . appearance ... ... March 10 — ^14- 

Date of rust appearance ... ... March 27, 1936. 

By C & D— The winds were traceable from N.-IV. F. Province and passed near Peshawar 
where brown nist had appeared in the second week of January, 1936. 



135 



57. HOSHIARPUR r702 ft. above sea leven. BROWN RUST. ORIGIN.^ MAP No. i,532. 

Date and lieights of trajectories in feet ... December 22, 1936 : A — 1640, 

B— 3280, 

C— 4920, 

D"-““-6i>60. 

Dates of spore shower soon after the winds ... No spores were caught. 

Dates of spore showier 14 — 10 days before rust 

appearance ... ... ... January 5 — 8. 

Date of rust appearance ... ... January 15, 1937. 

A — ^The wind -was traceable from Kashmir and passed over Gnnidaspur -where brown rast 
had appeared on December 4. 

B, C & D — ^The winds W’ere traceable from N.-W. F. Province and passed near Gurudaspur 
where brown rust had appeared on December 4. 

58. KARNAL (000 ft. above sea level). BROWN? RUST. ORIGINAL I^LAP No. 772. 

Date and height of trajectorj^ in feet ... February 4, 1935 : A — 1640. 

Dates of spcre shower soon after the wind ... No spores were caught. 

Dates of spore shower 14—10 days before rust 
appearance ... "... No spores were caught. 

Date of rust appearance ... ... February 26,1 935. 

A — ^The wind was traceable from Siwalik range and passed near Simla where brown rust 
had appeared on January 18, 1935. 
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MAP NO. 59 



59, SAimAND (120 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 1,601. 
Date and height of trajectory in feet ... February 23, 1037 : A — 1640. 

Dates of spore shower ... ... ... No S3)ores were caught. 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... March 20, 1 937. 

A — ^The wind was traceable from central Nepal, where 10 per cent crop infection was 
observed on December 0, 1936 and passea near Shahjahanpur where this rust 
had appeared in the fourth week of January 1037. 

m. DELHI (714 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 2,124. 

Date and height of trajectory in feet ... January 25, 1938 : A — 1640. 

Dates of spore shower ... ... ... No spores were caught before rust 

appearance. 

Date ot rust appearance ... ... February 15, 1938. 

— The wind was traceable from Bihar on January 24, passed near Pusa, where brown 
rust had appeared on January 9 and near Gorakhpur where up to 3 per cent 
crop infection with this rust was observed on January 7, 1938. 
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MAP NO. Si MAP NO. 62 



61. AGRA (554 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 344. 

Date and height of trajectory in feet ... January 10, 1934 : A 1640. 

Dates of spore shower soon after the wind ... January 10 14. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... January 21—24. 

Date of rust appearance ... ••• February 1, 1934. 

A — ^Xhe wind was traeeable from central Nepal and passed over Gorakhpur where brown 
rust was found in traces on December 14, 1933. 

62. AGRA (554 ft. above sea level). BROITO RUST. ORIGINAL MAP No. 1,624. 

Date and height of trajectory in feet ... January 25, 1937 : A 1640. 

Dates of spore shower soon after the wind ... No spores were caught. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ••• February 3 6. 

Date of rust appearance ... February 15, 1937. 

A-The wind was traceable from Kumaon hills and passed over BareiUy where up to 20 
per cent crop infection with brown rust observed on December 23, 1936. 


5B 
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MAP NO. 63 MAP NO. 64 



63. AGRA (554 ft. above sea level). BROIVN RUST. ORIGINAL MAP No. 358. 

Date and height of trajectory in feet ... January 8, 1984 : B— 3280. 

Dates of spore showers soon after the wind ... January 10—14. 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... January 21— 24. 

Date of rust appearance ... ... ’February 1, 1984. 

B— The wind was traceable from western Nepal and passed near Gonda where brown rust 
was observed in traces on December 10, 1933. 

64. AGRA (554 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 1,626. 

Date and height of trajectory in feet ... January 27, 1937 : D— 6500. 

Dates of spore shower soon after the wind ... No spores were caught. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... February 8— 6. 

Date of rust appearance ... ... Februarj? 15, 1937. 

D— The wind was traceable from Kashmir and passed over Gurudaspur where brown rust 
had appeared on December 4, X986t 



Map no. 65 


MAP NO. 67 
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MAP' NO. 66 





65. 


GORAKHPUR (257 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 1,648. 

Date and heights of trajectories in feet ... December 4, 1936 r A — 1640, 

B— 3280, 

C— 4920. 


Dates of spore shower soon after the winds ... December 5 — 8. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... No information (0 — 10 per cent crop 

infection on January 5/6, 1937)* 

A, B & C — ^The winds were traceable from central Nepal where 10 per cent crop infection 
with brown rust was observed on December 6. 


66, GORAKHPUR (257 ft. above sea level). BROWN RUST. ORIGINAL MAP No, 1,647. 

Date and height of trajectory in feet ... December 3, 1936 ; D — 6560. 

Dates of spore shower soon after the wind ... December 5 — 8. 

Dates of spore shower 14 — 10 days before rust 

appearance ... No spores were caught. 

Date of rust appearance ... ... No information (0 — 10 per cent crop 

infection on January 5/6, 1937). 

D — ^The wind was traceable from w'estern Nepal and passed through central Nepal where 
10 per cent crop infection with brown rust was observed on December 6, 1936. 

67. PUSA (188 ft. above sea level). BROWN RUST. ORIGINAL MAF No. 1,674. 

Date and heights of trajectories in feet ... December 13, 1936 : A — 1640, 

B— 3280, 

D— 6560. 

Dates of spore shower ... ... ... December 1 1 — 

Dates of spore showers 14 — 10 days before rust 

appearance ... ... ... December 22 — ^25 & 25 — 20. 

Date of nist appearance ... ... January 5, 1937. 

A, B & D — ^The winds were traceable from central Nepal where 10 per cent crop infection 
with brown rust was observed on December 6, 1986. 

** The spore shower might have occurred on December 11 or 12, due to some earlier wind. 
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MAP NO. 68 MAP HO. 69 



68. i>USA( 188 ft. above .sea level). BROWTST RUST. ORIGINAL MAP No. 1,081. 

Date and height of trajectory in feet ... December 20, 1000 : C—4020. 

Dates of spore showers soon after the Aviiids ... December 22 — 25 & 25 — 29. 

Dates of spore shower 14 — lo days before rust 
appea ranee ... \ . . ... December 22—25 & 25—20. 

Date of rust appearance' ... ... January 5. 

C — The wind was traceable from central Nepal where 10 per cent crop infection with brown 
rust was observed on December 6, 1036. 


69. SABOUR (122 ft. above sea level). BROWN RUST. ORIGINAL MAP Nos. 776 & 777. 

Date and heights of trajectories in feet ... February lOj 1935 : A — 1640, 

B— 3280, 

C— 4920, 

D-6560. 

Dates of spore showers soon after the winds ... February 11—14 & 34 — 1$. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... February 14—18. 

Date of rust appearance ... ... February 28, 1035. 

A — The wind was traceable from western Nepal where brown rust was found in traces on 
Dtcember 7, 1934 and passed near Bahraich, Gonda, Fyzabad and Gorakhpur 
where this rust had appeared before January 15, 1935. 

B— The wind was traceable from Simla hills and passed near Simla, Bareilly and Fyzabad 
where brown rust had appeared by January 19, 1935. 

C— The wind was traceable from Afghanistan and passed over Cawnpore where 90 — 100 
per cent crop infection was found on February 19 and near Benares where it 
was found in traces on January 12. 

D— Tbe wind was traceable from western Nepal and passed near Bahraich, over Gonda, 
Gorakhpur and near Pusa where brown rust had appeared before January 2, 
1985. 
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70. SABOUR (122 ft. above sea level). BROm' RUST. ORIGINAL MAP No. I,?!!. 

Date and heights of trajectories in feet ... December 10, 1936 : A — 1640, 

B— 3280, 

C--4920. 

Dates of spore shower ... ... ... No spores were caught till January 10 — 14. 

Date of rust appearance ... ... Early in January 1937. 

A, B C — The winds were traceable from central Nepal wJiere 10 per cent crop infection 

was observed on December 6, 1936. 

71. SABOUR (122 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 1,712. 

Date and height of trajectorj^ In feet ... December 11, 1936 : D — 6560. 

Dates of spore shower ... ... ... No spores were caught till January 

10—14. 

Date of rust appearance ... ... Early in January 1937. 

D — ^The wind was traceable from central Nepal where 10 per cent crop infection was observed 
on December 6, 1936. 

72. SABOUR (122 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 2,288. 

Date and height of trajectory in feet ... January 26, 1938 : A — 1640. 

Dates of spore shower ... ... ... January 23 — 27.’** * 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... February end of second week. 

A — ^The wind was traceable from Jaintia hills in Assam and passed over Gauhati and near 
Dhubri where up to 100 per cent and up to 25 per cent crop infection with brown 
rust was observed on February 7 and January 18 — 19, 1938 respectively. 

The spore shower might have occurred on January 23. 24 or 25, due to some earlier wind* 

5C 
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MAP NO. 73 MAPS NOS. 74 & 75 



73. SABOUR (122 ft. above sea level). BROWW RUST. ORIGINAL MAP No. 2,287. 

Date and height of trajectory in feet ... January 25, 1938 : B — 3280. 

Dates of spore shower ... ... ... January 23 — 27 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... February end of second week. 

B — ^The wind was traceable from east of Bhutan and passed over Dhubri where up-to 25 per 
cent crop infection with brown rust %vas observed on January 18 — 19, 1938. 

JThe spore shower might have occurred on January 23 or 24, due to some earlier wind. 


74 & 75. MYMENSINGH (62 ft. above sea level). BROWN RUST. ORIGINAL MAP Nos. 

1,745 & 1,746. 

Dates and heights of trajectories in feet ... December 22 & 23, 1930 : A — 1640, 

B— 3280. 

Datt s of spore shower ... ... ... No slides were exposed. 

Date of rust appearance ... ... Did not appear (Traces — 75 per cent 

crop infection on February 13, 1937). 

\ k B — The winds were traceable from central Nepal where 10 per cent crop infection was 
observed on December 6, 1936, 
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76 & 77. MYMENSINGH (62 ft. above sea level). ORIGINAL MAP Nos. 1,739 & 1,740. 

Dates and heights of trajectories in feet ... December 16 & 17, 1936 : C — 4920, 

D— 65G0, 

Dates of spore shower ... ... ... No slides were exposed. 

Date of rust appearance ... ... Did not appear (Traces — 75 per cent 

crop infection on February 13, 1937). 

C & D — The winds were traceable from central Nepal where 10 per cent crop infection was 
observed on December 6, 1936. 

78. DHUBRl (115 ft.>bove sea level). ORIGINAL MAP No. 1,784. 

Date and heights of trajectories in ‘feet December 16, 1936 : C — 4920, 

D— -6560. 

Dates of spore shower ... ... ... No slides were exposed. 

Date of rust appearance ... ... (On January 23, 0 — 40 per cent crop 

infection was observed). 

C & D — The winds were traceable from central Nepal where 10 per cent crop infection with 
brown rust was observed on December 6, 1936. 
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79. JUBBULPORE (1,289 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 917. 
Date and lieight of trajectory in feet ... January 24, 1935 : A — 1640. 

Dates of spore shower soon after the wind ... January 24—27. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... February 3—7. 

Date of rust appearance ... ... February 17, 1935. 

A— The wind entered the country on January 21 and passed over Pottangi where up to 
100 per cent crop infection with brown rust was observed on January 8 — d, 1935. 


80. JUBBULPORE (1,289 ft. above sea level). BROWN RUST. ORIGINAL MAP No, 914. 
Date and height of trajectory in feet ... January 27, 1935 : B— 3280. 

Dates of spore showers soon after the wind ... ^ No spores were caught. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... February 3—7. 

Date of rust appearance ... ... February 17, 1935, 

B— The wind entered the country oh January 25 and passed near Pottangi where up to 
100 per cent crop infection with brown rust was observed on January 8—9, 1935. 
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MAP HO. 8i map no. 82 



81. JUBBXJLPORE {1,289 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 878. 
Date and height of trajectory in feet ... January 18, 1935 : C — 4920. 

Dates of spore shower soon after the wind ... January 21—- 24. 

Dates of spore showier 14—10 days before rust 
appearance ... ... ... February 3—7. 

Date of rust appearance ... ... February 17, 1935. 

C — ^The wind entered the coimtry on January 16 and passed over Pottangi where up to 
100 per cent crop infection with brown rust was observed on January 8 — 9, 1935. 


82. JUBBULPORE (1,289 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 385. 
Date and height of trajectory in feet ... January 5, 1934 : D — 6560. 

Dates of spore shower soon after the wind ... January 6 — 10. 

Dates of spore shower 14—10 days before rust 
appearance ... ... ... January 17 — 20. 

Date of rust appearance ... ... January 30, 1934, 

D— The wind entered the country from the Bay of Bengal on January 1 and passed over 
Chitaldroog where over 60 per cent crop infection with brown rust was observed 
on December 15, 1933. 
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MAP NO. 8S 



83. KHANDWA a.044 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 388. 

Dati and height of trajectory in feet ... January 4, 1934 : A — 1640. 

Dates of spore showers ... ... ... January 2 — 6** & 6 — 9. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... January 9 — 13. 

Date of rust appearance ... ... January 24, 1934. 

A—The wind was traceable from Burma and passed over Pottangi on January 1, 1934, 
where 100 per cent crop infection was observed on January 13 — 14. 

**The spore shower might have occurred on January 2 or 3, due to some earlier wind. 
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M^P NO. 84 MJff NO. 85 MAP WO. 86 



84. KHANDWA (1,044 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 432. 

Date and height of trajectory in feet ... December 24, 1933 : B — 3280. 

Dates of spore shower ... ... ... December 22— 25 J . 

Dates of spore shower 14—10 days before rust ' 

appearance ... ... . . . J anuary 9 — 13. 

Date of rust appearance ... ... January 24, 1934. 

B — ^The wind was traceable from western Nepal and passed near Pottangi on December 19, 
where 100 per cent crop infection was observed on January 13 — 14, 1934. 

JThe spore shower might have occurred on December 22 or 23, due to some earlier wind. 

85. COIMBATORE (1,341 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 1,322. 

Date and height of trajectory in feet ... November 12, 1935 : A — 1640. 

Dates of spore showers soon after the wind ... November 12 — 15 & 15 — 19, 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... November 22—26. 

Date of rust appearance ... ... December 9, 1935. 

A — ^The wind was traceable from Nilgiris where 65 — 100 per cent crop infection with brown 
rust was observed on September 20, 1935. 

86. COIMBATORE (1,341 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 1,459. 

Date and height of trajectory in feet ... November 14, 1935 ; B — 3280. 

Dates of spore showers soon after the wind ... November 15 — 19. 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... November 22 — 26. 

Date of rust appearance ... ... December 9, 1935. 

B — ^Tbe wind was traceable from Nilgiris where 65 — ^100 per cent crop infection with brown 
rust was observed on September 20, 1935, 



MIP NO. 87 


MAP NO. 88 


MAP NO. 89 



87. COIMBATORE (1,341 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 1,458. 

Date and heights of trajectories in feet November 13, 1935 : C — 4920, 

D— 6560. 

Dates of spore shower soon after the winds ... November 15 — 19. 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... November 22 — 26. 

Date of rust appearance ... ... December 9, 1935. 

C & D — ^The winds were traceable from Nilgiris where 65 — 100 per cent crop infection with 
brown^rust was observedT on September 20, 1935. 

88. COIMBATORE (1,341 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 1,323. 

Date and height of trajectory in feet ... November 17, 1935 : D--6560. 

Dates of spore shower soon after the wind ... November 22 — ^26. 

Dates of spore .shower 14 — 10 days before rust 
appearance ... ... ... November 22 — ^26. 

Date of rust appearance ... ... December 9, 1935. 

D — The wind was traceable from Ceylon and passed near Kodaikaiial where up to 40 per 
cent crop infection was "observed on September 28, 1935. 


89. MANDYA (2,580 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 3,954. 

Date and heights of trajectories in fees ... March 2, 1937 : B — 3280, 

C -4920, 

D— 6560. 

Dates of spore shower ... ... ... March 1 — 4J. 

Dates of spore shower 14 — 10 days before rust 
appearance ... * ... ... March 1 — 4. 

Date of rust appearance ... ... March 15, 1937. 

B & C — ^The winds after entering the country passed near Kodaikanal where 40 — 60 per 
cent crop infection with brown rust was observed on October 10, 1936, near 
Anthiyur and Coimbatore where brown rust had appeared on February 13, 1937 
and November 16, 1936 respectively and near Coonoor where 100 per cent crop 
infection was observed on September 28, 1936. 

D — The wind was traceable from Nilgiris where 100 per cent crop infection was observed 
on September 28, 1936. 

J The spore shower might have occurred on March 1, due to some earlier wind, 



ttJETHER STUDIES O-N CEREAL RUSTS IN USIDIA 


149 


are of special interest, and for the reasons given before, some importance has 
to be attached also to winds from stations where the date of rust appearances 
as reported by a local observer, was only fifteen days earlier. 

As with black rust, for some of the stations no winds could be interpreted 
as ‘ relevant ’ in relation to a place or places where rust had appeared earlier 
although spore showers occurred 4 to 2 weeks before local outbreaks. By way 
of illustration detailed information for three stations is supplied below : — 

(a) Kctrnal^ 900 above sea level (Punjab). For this station no ‘ relevant’ 
winds were found during 1935 to 1938 although during the first two years spore 
showers took place, 4 to 2 weeks before rust appearance. 

In 1935-36 brown rust appeared on January 19 and there were spore showers 
on December 26 to 30 and January 2 to 6. Wind-trajectories -were studied for 
December 19 to January 2. None of the winds came from or passed o%^er a 
place where rust had appeared even 15 days earlier and no information was 
available from the other stations over which the -winds had passed. As shown 
in Table XIV, there were 16 winds that year from the hills which for the reasons 
already given in Part One were regarded as ‘possibly relevant’. Winds of 
January 2 are reproduced on Map No. 90. 

In 1936-37 rust broke out on January 22. Spore showers occurred on 
December 28 to 31 and January 4 to 7. Wind-trajectories wure studied for 
December 22 to January 6. None of the winds passed over a station where- 
from this rust had been reported earlier and no information w^as available for 
others. Winds of January 3 are reproduced on Map No. 91. None of the winds 
referred to above could be regarded as ‘relevant’. However, 30 winds from 
the Siwalik range and the neighbourhood of Simla could be interpreted as 
‘ possibly relevant ’ for the reasons given in Part One. Such winds have been 
included in Tables XIV and XV. 

In 1937-38 rust appeared on February 13 but no spores could be detected 
on aeroscope-slides before February 10 to 14. Trajectories were studied for 
January 13 to 28 but none of the winds could be interpreted as ‘ relevant ’ 
although there were 24. ‘possibly relevant’ winds that year as shown in Table 

XIV. 

(b) Agra, 554 feet above sea level (iUfiitvd Provinces). For this station no 
‘ relevant ’ winds were found for 1932-33, 1935-36 and 1937-38 although during 
the first two years spore sho’wers occurred 4 to 2 WTeks before rust appearance. 

In 1932-33 rust appeared on February 19 and the only spore showier 4 to 2 
weeks before rust appearance w^as that of February 4 to 7. Trajectories were 
studied for January 20 to February 4 but none of the winds passed over a 
station where rust had appeared even 15 days earlier, and for other stations 
there was no information. For this station there were 22 ‘ possibly relevant ’ 
winds that year as shown in Table XIV. Winds of February 4 are reproduced 
on Map No. 92 but none of them could be considered as ‘ relevant ’. 

In 1935-36 rust appeared on February 5 and there were spore showers on 
January 4 to 10. Trajectories were studied for January 5 to 19 but no wind 
was found to be ‘relevant’. However, there were 12 ‘ possibly relevant ’ winds 
that year. Winds of January 7 are reproduced on Map No. 93. 

In 1937-38 rust appeared on February 3 although no spores could be detected 
on aeroscope-slides nor was any wind found to be ‘ relevant ’ but there were 13 
‘ possibly relevant ’ winds that year. 
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MAP NO. 90 



MAP NO. 9i 



90. KAKNAL (900 ft. above sea level). BROWN RUST. ORIGINAL MAP Nos. 1,189 & 

1,140. 

Date and heights of trajectories in feet ... January 2, 1986 : A—1640, 

B-~3280, 

C— 4920, 

D— 6560. 

Dates of spore shower soon after the winds ... January 2 — 6. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... January 2 — 6&6 — 9. 

Date of rust appearance ... ... January 19, 1936. 

A — ^Traceable from Afghanistan and passed over Peshawar and near Lahore. 

B — ^Traceable from N.-W. F. Province and passed near Peshawar and over Lahore. 

C — Traceable from Afghanistan and passed near Lyallpur and Lahore. 

D — ^Traceable from Sind and passed over Rajputana. 

Brown rust appeared at Lyallpur on March 27. 


01. KARNAL (900 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 1,751. 

Date and heights of trajectories in feet ... January 3, 1987 : A — 1640, 

B— 8280, 

C— 4920, 

D— 6560. 

Dates of spore shower soon after the winds ... January 4 — 7. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... January 7 — 11. 

Date of rust appearance ... ... January 22, 1937. 

A — ^The wind was untraceable. 

33 — Traceable from Kumaon hills and passed over Dehradun. 

C & D — ^Traceable from Simla hiUs and passed near Ambala. 

At Dehradun up to 65 per cent crop infection with brown rust was observed on February 
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02. AGBA (554 ft. above sea level). BROWN RUST. ORIGINAL MAP No. 69. 

Date and heights of trajectories in feet ... February 4, 1983 : A — 1640, 

B— 3280, 

C— 4920, 

D— 6560. 

Dates of spore shower soon after the winds . . . February 4 — 7. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... February 4 — 7. 

Date of rust appearance ... ... February 19, 1933. 

A, B, C & D — The winds were traceable from Sulainian range and passed over Punjab and 
Rajputana. 

98. AGRA (554 ft. above sea level). ORIGINxAL MAP Nos. 1,149 & 1,150. 

Date and heights of trajectories in feet ... January 7, 1936 : A — 1640, . 

B— 3280, 

C— 4920, 

D— 6560. 

Dates of spore shower ... ... ... January 6 — 8** & 8 — 10. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... No spores were caught. 

Da te of rust appearance ... ... February 5, 1 936 . 

A — ^The wind was traceable from Siwalik range and passed over Simla and Dehradun. 

B — ^The wind was traceable from N.-W. F. Province and passed near Lyalipur. 

C & D — ^The winds were traceable from Baluchistan and passed over Sind and Rajputana. 

Brown rust appeared at Simla on April 10, at Lyalipur on March 27 arid it was observed 
in traces at Dehradun on March 18. 

The spore shower might have occurred on January 6, due to some earlier wind, 
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94. PUSA (188 ft. above sea level). BROWN RUST. ORIGINAL MAP Nos. 951 & 952. 

Date and heights of trajectories in feet ... November 11, 1934 : A — 1640, 

B— 3280, 

C— 4920, 

D— -6560. 


Dates cf spore shower soon after the winds ... November 12 — 15. 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... December 9, 1934. 

A — ^Traceable from Burma and passed near Gauhati and Dhiibri. 

B — ^Traceable from Afghanistan and passed near Ambala, Bareilly and Shahjahanpur. 

C — ^Traceable from Afghanistan and passed near Lyallpiir, Delhi and Gorakhpur. 

D — ^Traceable from Afghanistan and passed over Delhi and Shahjahanpur, near Bahraich, 
Gonda and Gorakhpxir. 

Brown rust appeared at Shahjahanpur on February 11, at Ly allpur on March 15 and 
it was observed in traces on January 19 at Bareilly and 40—50 per cent crop 
infection was found at Gorakhpur on December 31. 



FUETHER STUDIES ON CEREAL RUSTS IN INDIA 


158 


(e) Pusa, 188 feet above sea lev^l {Bihar). No ‘relevant ' winds were found 
for this station in 1982-88, 1984-35 and 1937-38 but during the first tw-o years 
spore showers occurred 4 to 2 weeks before rust appearance. 

In 1982-83 rust appeared on December 29 and spore shoivers occurred on 
December 1 to 5 and 15 to 19. Trajectories were studied for November 30 to 
December 14, but none of the winds had passed over a station wherefrom this 
rust had been reported even 15 days earlier. However, 22 winds w'ere found 
to be ‘ possibly relevant \ 

In 1984-35 rust appeared on December 9 and there were spore showers from 
November 5 to 8, 8 to 12 and 12 to 15. Trajectories were studied for November 
9 to 24 but none of the winds wms found to be ‘ relevant ’ although there were 
20 ‘ possibly relevant ’ winds that year. Winds of November 11 are reproduced 
on Map No. 94. 

In 1937-38 rust appeared on January 9 but no spores w^ere detected on any 
of the aeroscope-slides before January 13 to 16, i.e. 4 to 7 days after rust appear- 
rance. Trajectories w’^ere studied for December 9 to 24 but none of the winds 
could be interpreted as ‘ relevant ’ although there were as many as 42 ‘ possibly 
relevant ’ winds that year. 

A summary of data supplied in Map Nos. 90 to 94 is given in Table XVI. 

As stated in Part Two, the writer is fully aware of a large number of misfits 
which are difficult to explain. At the same time, it is clear from Table XIV 
that spore showers occurred at a large number of stations for w^hieh no wnnd 
could be interpreted as ‘ relevant It is likely, therefore, that the inoculum 
was brought to such stations by ‘ possibly relevant ’ winds that blew during 
the intervals between the daih^ meteorological observations. As stated before, 
up to the end of February 1937, the working charts generally gave information 
regarding morning winds only and no information w^as available about wind 
direction between one morning and the next until March 1937. It is also 
likely that the inoculum came from places of earlier outbreaks, of wdiich there 
may be many, wherefrom no information w^as available regarding the dates of 
rust appearance. Snore show^ers, if any, following such wdnds as w^ere traced 
back to the hills in the Working Charts of the Meteorological Department and 
therefore interpreted as ‘ possibly relevant, ’ are showm in Table XIV. 

(Hi) Stations of earlier rtisi appearance in the plains 

In addition to the stations selected for the exposure of aeroscope-slides, 
the first appearance of browui rust has been studied at a large number of places 
in the plains. Information regarding the earliest and usual dates of appearance 
of brown rust at representative stations is given in Table XVII in which foot- 
hill stations are marked with an asterisk. 

It is clear from this Table that in general brown rust, like the black lust, 
breaks out much earlier in the foot-hills than in the neighbouring plains. 


The scrutiny of data regarding dissemination of brown rust during 1938-40 has recently been completed. 
For Agra there was one 1 relevant ’ and 14 ‘ possibly relevant ’ winds in 1938-39 but in the following year no wind 
was lound to be * relevant although eight winds were regarded * possibly relevant For Pusa there was no 
‘ relevant ’ wind in either of the years but 53 winds in 1 938-39 and 35 in the following year were found to be 
* possibly relevant.’ Karnal was not included in the list of stations selected for the study of rust dissemination 
during this period. 

Detaiied information about trajectories for Agra and Pusa along with those for other stations will be supplied 
in a subsequent artide. 
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(a) Early outbreaks clue to nearness to kills. The observations made in Part 
Two about black rust apply to this rust also. 

(h) Early outbreaks due to early crops in the plains. It has been found that 
in Peninsular India browni rust breaks out much earlier at those stations where 
there is an early crop. At Chitaldroog it was found as early as November 80 
in 19S4 on wdieat sown in August. In 1985 it broke out on October 16 at Mandya 
in the miniature plot, sown at the request of the writer in August. At 
Coimbatore it appeared still earlier, i.e. September 28, in 1987 on wheat sown 
in miniature plots during June-July. As stated in Part Two, wheat is sown in 
the districts of Chitaldroog and Bellary in July- August as well as in October. 
This rust has not been reported from or observed at Bellary, possibly due to 
warmer weather than at Chitaldroog (2,405 feet above sea level), Mandya 
(2,580 feet above sea level) and Coimbatore (1,840 feet above sea level). The 
last two places are situated at the foot of the Nilgiris on the north and south 
respectively. 

It is evident. that places such as Chitaldroog would act as secondary foci 
because of the early crop. 

{iv) Winds in relation to initial rust outbreaks 

As with black rust, there was at least one ‘ relevant ’ or ‘ possibly relevant ’ 
wind for most of the stations under study as will be clear from the table given 
below. In 59 records of rust appearance spore showers took place in 82 soon 
after the ‘relevant’ or ‘ possibly relevant’ winds. Spore showers also occurred 
prior to 6 other records of rust appearance but they could not be attributed to 
any ‘ relevant ’ or ‘ possibly relevant ’ wind. In all these cases spores were 
caught nearly 4 to 2 weeks before rust appearance. No information could be 
obtained regarding spore showers in two cases because slides were not exposed 
at two stations. Of the remaining 19 records, spores were caught only 14 to 10 
days or so before rust appearance in two but no spores were detected in others. 
A general summary of data regarding spore showers in relation to winds and 
records of rust appearance is given in Part Five, General Discussion and Con- 
clusions. 


Year 

Number of stations 
for which traiectories ’ 
were studied 

Number of stations for which there was at 
least one ‘ relevant ’ or * possibly 
relevant’ wind 

Number of stations 
for which there was 
no * relevant ’ or 
* possibly relevant * 
wind 

Relevant 

Possibly relevant 
only 

1932-33 

4 

1 

3 

0 

1933-34 

13 

9 

2 

2 

1934-35 

11 

8 

2 

1 

1935-36 

10 

5 

3 

2 

1936-37 ^ 

13 

12 

1 

0 

1937-38 

8 

3 

5 

0 
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(??) Probable foci of infection 

Oversummering of this rust in the uredostage in the hills of India has been 
fully discussed in the previous monograph [Mehta, 1940]. It oversummers 
only at altitudes slightly higher than those where black rust is able to survive 
during the hottest part of the year. Well-advanced infection by this rust on 
the August-September crop in central Nepal lias been observed several times 
as early as the first week of December. Similarly, by Augnst-September there 
is abundance of rust in the Nilgiris as well as the Palnis every year on the first 
crop, sown in April to August. Reference has already been made to its out- 
break during September-October in the foot-hills of the Nilgiris in miniature 
plots sown ^ out of season b ' 

Survival of this rust during summer takes place over a considerable part of 
the Himalayan range above altitudes of about 4,500 ft., and the same applies 
to the Nilgiris and the Palni hills where on account of two crops it is found in 
abundance during the greater part of the year. 

Consequently, there are several foci, the two most serious being tho^e in 
central Nepal, Nilgiris and the Palnis, due to early crops. 
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•) Spore sh 2-9 days only before rust appearance. 
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1932-33 October 26— March 2 ... January 5 — 8 (H [ No spores ... ... March 18 
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of spores in brackets 
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1931- 32 November 15 — March 2 ... December 24 — H (1) No spores ... ... December 26 

1932- 33 September 15 — March 19 Decemi3er I — ^5 (2) December 1 — 5 (2) December 29 ... 

1933- 34 October 16 — February 8 ... November 16 — 20 (3) November 27 — ^30 (4) December 20 ... December 20 (traces) 
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!933''34 March I — 14 No spores ... ... ... No rust 

1934- 35 October 15 — March 12 ... February 28 — ^March3 (!^ ... No rust 

1935- 36 October 1 5 —'December 31 No spores ... ... ... No rust 



Tab. — c€ 
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Table X — contd. 


FUETHEK STUDIES ON CESEAL EUSTS IN INDIA 


ITS 






ttlETHEB STUDIES ON CEEEAL BUSTS IN INDU 1'^B 






Dates of first spore shower* Dates of spore shower, if Date of rust appearance, as Date of observation, if 
Year Period of exposure Number of spores in any, 4 to 2 weeks before reported from the station any, regarding incidence 

brackets rust appearance. Number of rust 

of spores in brackets 
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Dates of first spore shower- Dates of spore shower, if Date of rust appearance, as Date of observation, if 
Year Period of exposure Number of spores in any, 4 to 2 weeks before reported from the station any, regarding incidence 

brackets rust appearance. Number of rust 

of spores in brackets 
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1937-38 I October 7 — February 10 No spores ... ... I No rust 
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further studies ok cereal rusts in INDIA 






Dates of first spore shower. Dates of spore shower, if Date of rust appearance, as Date of ob^rvation* if 
Year Period of exposure Number of spores in any, 4 to 2 weeks before reported from the station any, regarding incidence 

brackets rust appearance. Number of rust 

of spores in braskets 
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1935- 36 June 14— February 25 ... October 11—15 (I) ... No rust 

1936- 37 August 15— March 9 ... August 15— 18 (1) ... No information 

1937- 38 September 2 — ^Januai^ 17 No spores ... . ... ... No rust 







2 2 Z 



U 





&& 

CT 


o 

?t3 ® 

2 

CP 


Ni-' 

O 

o 

CP 


i 1 •§ 

2 CO fi 

m 

s 

>% 

t 

a 

P 

C 

o 

2 

2 

im 

-O 

e 


2 1 g.S 

CB 

f . 

. T 

: NO 


IS 
: B 

. 1 

1 

i § 

T3 

G 

CP 

fsi 

w 

ITv 

CN! 

In 

s 



0 S p 

^ S* a 

i 

u 

o 

<u 

6 


.E? 

IS 

CP 

a> 

>< 

w \ Cts^ 
>>4- 0 

to c 2 

r4 

2 

8 

« 

o. 



o 

H 

Q « 2 

to 

(S 


Ph 

eo 

to 

U 

O 


<U *2 
tJ P W 

as-jj 

COM- U 
•M 0 cc! 

c 

<8 

T 

o 

T 

IN. 


ON 

Csl 

1 

NO 

o 

T 

IN, 

^s 


> 

f 

03 

T 

SO 

T 

STS 



t- >• 

Iz 

d 

CP 

1m 

o 

M 

CSS , 
u, 

(U 

ja 

T 

CVS 

CvJ 

1w 

I 

o 

1 

Sl- 

u 

2 

CP 

1m 

1 

CO 

>N 

u 

CVS 

)m 

<U 

ja 

Cfl 

2 

M 

B 

8 

o 

a 

2 

> 

•M 

CO 

g> 

1 

a 

CU 

CO 

B 

0 

Z 

<u 

-Q 

jo 

d 

ods 

o 

O 

CJ 

G 

CO 

2 

JQ 

U, 

£ 

o 

cT 

c/:} 

o 

a 

« 

o 

2 

Ods 


IN, 0^ 


vn NO 

SO $0 

On ON On 


f In miniature plots sown at the request of the writer in August. 

J On t.rop sown in Sidtlavanahalli nearly 20 miles from Hiriyur. 

§ No slides were exposed fc'om July 16, 1934 to Februaiy 5, 1935. 

* On crop sown in August at Chitaldroog nearly 30 miles from Hiriyur. 

Note . — ^Slides were exposed in aeroscopes at 62 stations. At Poona, two aeroscopes (Nos. 41 and 42^ were exposed, hence the total number comes to 63, 
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Table XI 

Summary of data given in Table X 


Serial 

number 

Province 

and 

name of station 

Number 
of years 
during which 
slides were 
exposed 

Number 
of years 
when spore 
showers took 
place 

Number 
of years 
when spores 
were caught 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no 
spores could 
be detected 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no rust 
appeared or 
no information 
was received 
regarding rust 
appearance 


PUNJAB 






1 

LyaEpisr 

9 

7 

7 

1 

1 

2 

Giirdaspnr 

7 

5 

3* 

... 

3 

3 

Eopar 

6 

4 


... 

6 

4 

HosMarpur 

7 

6 

1 

5 

1 

5 

Rawalpindi 

6 

6 

1 

2 

3 

6 

Simla 

6 

6 

4 

2 

None 

7 

Khanewal ... 

5 

3 

3 


2 

8 

Kamal 

5' 

4 

2 

3 

None 


BALUCfflSTAN 






9 

Quetta 

5 

2 


1 1 

4 


K. W. F. PROVINCE 

1 





10 

Peshawar ... 

3 

None 


1 

2 


SIND 

i 





11 

Karachi ... 

1 

No spores 


... 

1 

12 

Sakrand ... 

6 

3 

3 i 

1 

2 


DELHI 






B 

: Delhi 

2 

2 

1 

1 

Neither 


UNITED PROVINCES 






14 

Agra 

9 

j 

1 

i ' 

4 

, 5 

None 

15 

Gorakhpur 

j 8 

1 

j 7 

5 

3 

None 

16 

AEahahad 

1 3 

t 

3 

2 

1 

None 


' No slides were exposed during that period in one of the years. 
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Table XI — eontd. 


Serial 

number 

! 

Province 

and 

name of station 

Number 
of years 
during which 
slides were 
exposed 

Number 
of years 
when spore 
showers took 
place 

Number 
of years 
when spores 
were caught 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no 
spores could 
be detected 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no rust 
appeared or 
no information 
was received 
regarding rust 
appearance 

!7 

Cawapore 

8 

7 

5 

1 

2 

18 

Bareily ... 

6 

6 

4 

1 

1 

19 

Shatijahanpur 

6 

5 

4 

1 

1 

20 

Almora ... 

1 

1 

... 

1 

... 

21 

Tarildhet ... 

5 

4 

3 

... 

2 

22 

Jhansi 

5 

5 

3* 

... 

1 

23 

Benares ... 

5 

4 

2 - 

3 

None 

24 

Fy^'abad ... 

4 

4 

3 

... 

1 

25 

Dehradun ... 

3 

3 

3 

None 

None 


BIEAR 


j 

i 



26 

Pnsa 

7 

7 

1 ^ 

2 

None 

27 

Patna 

6 

6 

5 

1 

None 

28 

Sahonr ... 

6 

6 

4 

2 

None 


BENGAL 






29 

Mymensingli 

4 

1 


... 

4 

1 

ASSAM 

\ 





30 

Shiileng ... 

1 

'No spores 

... 

... 

If 


RAJPUTAHA 






31 

Ajmer 

7 

5 


2 

3 

32 

SrigaEganagar 

•• 4 

2 

... 

1 

3 


CENTRAL INDIA 






33" 

Indore 

6 

2 

1 

... 

6 


t There was no crop at Shillong 

* No slides were exposed during that period in one of the years 
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Table Xl—co7itd, 


Serial 

number 

Province 

and 

name of station 

Number 
of years 
during which 
slides were 
exposed 

Number 
of years 
when spore 
showers took 
place 

Number 
of years 
when spores 
were caught 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no 
spores could 
be detected 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
’ when no rust 
appeared or 
no information 
was received 
regarding rust 
appearance 

34 

CENTRAL PROVINCES 

JuLbulpore 

7 

4 

2 

2 

3 

35 

Nagpur ... 

8 

3 

1 

... 

7 

36 

Kbandwa ... 

3 

2 

I 

... 

2 

37 

Pacbmarhi 

6 

1 

... 

... 

6 

38 

Powarkhera 

4 

3 

1 


3 

39 

(Hoshangabad) 

Saugor 

2 

I 



2 

40 

Raipur 

2 

Neither 


... 

2 

41 

BOMBAY-DECCAN 

Poona (College farm) 

7 

4 



7 

42 1 

Poona (Observatory 

5 

4 



5^ 

43 

tower 120 feet above 
ground) 

Nipbad 

7 

3 



7 

44 1 

Dbarwar ... 

7 

2 

1 

... 

6 

45 

Arbbavi ... 

6 

3 

... 

... 

1 6 

46 

Dobad 

7 

2 

... 

I 

6 

47 

Wagra 

2 

Neither | 

... 

... 

2 

48 

Baroda ... 

6 

3 

1 

2 

3 

49 1 

”6 i 

Broacb 

4 

1 


i 

3 

50 i 

Jagudan ... 

6 

3 

2 

... 

4 

51 

Amreli 

6 

■> 

... 

1 

5 

52 

HYDERABAD- 

DECCAN 

Parbbani ... 

6 

2 


1 

5 

53 

Himayatsagar 

6 

4 

i 

1 

4 

54 

1 Raicbur 

1 

No spores 

... 

... 

It 


* No crop is sown At Poona (Observatory) 
t There was no crop that year 
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Table Xl—cmtd. 


Serial 

number 

Province 

and 

name of station 

Number 
of years 
during which 
slides were 
exposed 

Number 
of years 
when spore 
showers took 
place 

Number 
of years 
when spores 
were caught 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no 
spores could 
be detected 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no •^ust 
appeared or 
no information 
•"Was receivd 
regarding reust 
appearance 


MADRAS 






55 

Bellary (Hagari) ... 

6 

4 

... 

... 

6 

56 

Coimbatore 

6 

4 

3 

- 

1 

57 

Giiatur ... 

6 

4 

• 

... 

6 

58 

Koilpatti ... 

1 

No spores 

... 

... 

U 

59 

AnAiyui* ... 

1 

1 * 

1 


... 

60 

Udnmalpet 

I 

1 


! 

... 


i 

MYSORE STATE 






61 

Hebbal (Bangalore) ... 

6 

4 

1 

,,, 

5 

62 

Mandya (Mysore) ... 

6 

6 

3 

... 

3 

63t 

Hiriyur (Chitaldroog) 

6 

3 

;* 




t There ms no aop that year. 

* No slides were exposed during that period in one of the years- 
f The total number of stations was 62. At Poona, two aeroscopes were exposed. 



Study of slidi up on big balloons {with spore catch ^.rs)^ small balloons and kites a gra ’on 

to the appearance of brown rust during 1929 to 1938 



^ During these years, slides, were sent up for preliminary trials on large balloons to which ‘ spore-catchers ’ were attached. The * spore-catcher * is des- 
cribed in Appendix A. 

t These spores were caught after the rust had appeared at Agra. 

B refers to a drum attached to a pair of small balloons and K a kite to which a small balloon was occasionally attached* 
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Slides were exposed for 1 to 




.ry of data giv in ap Nos. 55 to 89 conce ng \h dis, '.nation of brown rus 
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(February 3 — 6) 
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FUBTHEE STUDIES ON CEREAL BUSTS IK INDIA 



* The wind referred to in the previous column has been included in the list of those followed by spore showers in Table XIV but marked with a query. 
** The spore shovrer might have occurred on December 11 or 1 2, due to some earlier wind ^ r • i * l 

f f The wind referred to in the previous column has not been included in the list of those followed by spore showers in Table XIV because of its height. 
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Dates of spore shower soon after Date of rust 

Height of the Date of the wind. Dates of subsequent appearance. Area or stations where rust had appeared 

Map Year wind in feet wind showers, if any, 14 to 10 days as reported from the at least 15 days earlier. Dates of rust 

number above sea level trajectory or so before rust appearance station. Incidence appearance or incidence within brackets 

within brackets i within brackets 



The wind referred to in the previous column has been included in the list of those followed by spore showers in Table XIV but marked with a query 
The spore shower might have occurred on January 23, 24 or 25, due to some earlier wind 
The spore shower might have occurred on January 23 or 24, due to some earlier wind 
No slides were exposed ^ 




Dates of spore shower soon after Date of rust 

Height of the Date of the wind. Dates of subsequent appearance. Area or stations where rust had appeared 

Year wind in feet wind showers, if any. 14 to 10 days as reported from the at least 15 days earlier. Date of rust 

above sea level trajectory or so before rust appearance station. Incidence appearance or incidence within brackets 

within brackets within brackets 
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Stations I’otal number 

Number of winds of earlier of possibly 

Date of rust Dates of spore shower. Number of rust relevant winds, 

appearance, as if any, nearly 4 to 2 Period of wind ^ relevant appearance i.e., from the 

Year reported from the weeks before rust trajectories Found to be winds passed hills. Those 
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1933- 34 January 15 ... No spores ... December 14 — ^29 ... 63 0 3 0 0 0 Simla 

1934- 35 February 26 ... No spores ... January 26 to February 8 52 0 1 0 1 0 Simla. 

Western 
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** Situated at foot-hills 

fin central Nepal nearly 30 per cent crop Infection was observed on December 23 to 24, 1934 
^ In Central Nepal O-jO per cent crop infection was observed on December 6, 1937 
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1935-36 January 15 ... i December 21 — ^25 ... December 15 — ^31 




Table 
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Table ^V--c0ntd. 


Serial 

number 

Province and 
Station. 
Altitude in feet 
above sea level, 

: within brackets. 

; Period of study 

1 

Height 
of winds 
in feet 
above 
sea level 

Tota.l 

number 

of 

winds 

studied 

Rele 
(a) T 

(b) ] 

spec 

only 

spo 

(c) N 
wi 

at ol 
follov 
s 

vant winds, 
otal number, 
'dumber for 
ified height 
followed by 
re showers, 
umber along 
th winds 
her heights 
^red by spore 
bowers j 

Possibiyt Relevant winds : 

(mv) From different hills, 

(v) Number for specified height 
only followed by spore showers, 

(ui) Number along with winds at other 
heights followed by spore showers 


U) 

(i) 

(c) 

(t) 

(U) , (Hi) 

(iv) 

(t;) 

(v) 

3. 

Rawalpindi* (1.674) 

3,280 

34 

0 

0 

0 

0 

2 

0 

(T 

0 

1 


1 years 

4,920 

34 

0 

0 

0 

0 

2 

0 

0 

0 

1 



6,560 

34 

0 

0 

0 

0 

7 

1 

0 

4 

i 

4 

Kamal{900) 

1,640 

73 

5 

0 

0 

0 

10 

21 

0 

.0 

11 


5 years 

3,280 

73 

0 

0 

0 

0 

7 

15 

0 

0 

9 



4,920 

70 

0 

0 

0 

0 

10 

11 

0 

0 

9 



6,560 

68 

0 

0 

0 

0 


3 

0 

0 

5 


SIND 












5 

Sakrand(l20) ... 

1,640 

49 

1 

0 

0 

0 

0 

0 

0 

0 

0 


4 years 

3,280 

f 53 

0 

0 

0 

0 

0 

0 

0 

0 

0 



4,920 

57 

0 

0 

0 

0 

0 

0 

0 

0 

0 



6,560 

58 

0 

0 

0 

0 

0 

0 

0 

0 

0 


DELHI 












6 

Delhi (714) 

1,640 

15 

I 

0 

0 

0 

3 

3 

0 

0 

0 


1 year ... : 

3,280 

14 

0 i 

0 

0 

0 

1 

2 

0 

0 

0 


i 

j 

4,920 

17 

0 : 

! 

0 

0 

0 

2 

1 

0 

0 

0 


! 

6,560 

15 

0 

0 ; 

0 

1 0 

2 

0 ; 

0 ' 

0 

; Q 


UNITED 













PROVINCES 






1 







Agra (554) 

1,640 

92 

7 

0 

3 

0 

11 

28 

0 

6 

0 


6 years ... ; 

3,280 

92 

2 

0 

1 

0. 

8 

12 

0 

0 

0 



4,920 

92 

0 

0 

0 

0 

6 

8 

0 

0 

0 



6.560 

1 93 

1 

0 

1 0 ^ 

0 

2 

1 

0 

0 

0 


* Situated at foot-hills* 


FURTHER STUDIES ON CEREAI. RUSTS IN INDIA 


211 


Table XN—contd, 


Serial 

number 

Province and 
Station. 
Altitude in feet 
above sea level* 
within brackets. 
Period of study 

Height 
of winds 
in feet 
above 
sea level 

Total 

number 

of 

winds 

studied 

Relevant wi 
(a) Total nur 
(b) Number 
specified he 
only foliowe( 
spore show« 
(cl Number < 
with wine 
at other heii 
followed by s 
showers 

nds : 
nber, 
for 
ght 
i by 
irs, 
dong 
s 

?hts 

pore 

(u 
or 
ivi) 1 
hei 

Possibly Relevant wi 
(i4v) From different 
Number for specifier 
ly followed by spore s 
*4umbe? along with wi 
ghts followed by spore 

i . 1 

nds 

hills, 

1 height 
lowers, 
nds at other 
showers 

(a) 

ib) 

(c) 

(0 

(ll) : (m) 

Ho) 

(u) 

(vi) 

8 

Gorakhpur* (257) 

1,640 

58 

3 

'~T~ 

0 

8 

3 

13 

0 

1 

6 


5 years 

3,280 

52 

2 


0 

16 

2 

11 

0 

0 

11 



4,920 

62 

4 

0 

0 

17 

1 

13 

0 

1 

10 



6,560 

64 

1 

0 

0 

10 

3 

16 

0 

1 

9 


BIHAS 












9 

Puia ( 188 ) ... 

1,640 

87 

12 

0 

0 

22 

2 

11 

0 

0 

5 


6 years 

3^80 

88 

9 

2 

0 

30 

3 

10 

0 

0 

7 



4,920 

93 

7 

0 

1 

20 

1 

7 

0 

0 

8 



6,560 

92 

4 

0 

2 i 

1 22 ' 

3 

10 

0 

0 

8 

10 

Sabour (122) ... 

1,640 

76 

28 

0 

11 : 

6 ; 

0 

2 

0 

0 

2 


6 years 

3,280 

78 ' 

26 

0 

10 I 

1 1 

0 

3 

0 

0 

7 



4,920 

85 , 

27 

0 

13 

11 

3 

3 

0 

0 

9 



6,560 

] 

85 

24 

0 

12 

11 

0 

11 

0 

0 

8 


BENGAL 


i 










11 

Myrnensingh (62) 

1,640 

13 ■ 

j 

1 

t 

t 

0 

0 

0 

0 

1 

J 


1 year 

3,280 

10 

1 

t 

i 

^ 1 

1 1 

1 ^ J 

0 

X 

i 



4,920 

10 

1 1 

t 

t i 

j 

0 

1 

0 

! 0 

0 

t 

J 



6,560 

' 14 

■2 

t 

1 

' t \ 

0 1 

0 

0 

0 


X 

i 


ASSAM 






1 

1 






12 

Dbiiferi* (115) ... 

1,640 

13 

0 

t 


0 

j 

0 

0 

! ^ 


J, 

T 


1 year 

3,280 

14 

0 

t 

1 1 

0 I 

0 

1 

1 ^ ^ 

t 

J 



4,920 

^ 13 

4 

t 1 

t ^ 

' i 

0 

1 

0 

i 0 ! 

t 

t 



6,560 

12 

i 

2 

t \ 

J 

1 

0 1 

0 

1 

, 1 

0 

t 

t 


* Situated atfoot-iiil's 
JNo slide# were exposed at this station 
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Table XY—contd. 






Relevant winds : 

(flO Total number, 








Province and 



(61 Numberrfor 


Possibly Relevant winds : 



Station. 

Height 

Total 

specified height 


(i-iv) From different hills, 


Serial 

Altitude in feet 

of winds 

number 

only followed by 

{v) Number for specified height 


number 

above sea level. 

in feet 

of 

spore showers. 

only followed by spore showers, 



within brackets. 

above 

winds 

(c) Number along 

(vi) Number along with winds at other 


- Period of study 

sea level 

studied 

with winds 

heights followed by spore showers 




at other heights 
followed by spore 












• s 

howers 



- - 









(a) 

(b) 

(c) 

(0 

(ii) 

(m) 

Qo) 

(«) 

(w) 


CENTRAL 

PROVINCES 












13 

Jubbiilpote (1,289) 

1,640 

51 

10 

1 

2 

0 

1 

8 

0 

3 

0 


3 years 

3,280 

44 

14 

0 

3 

0 

1 

0 

0 

0 

0 



4,970 

46 

4 

0 

1 

0 

1 

0 

0 

0 

0 



6,560 

49 

3 

0 

0 

0 

0 

1 

0 

0 

' 

0 

14 

Kbandwa (1,044) ... 

1,640 

14 

2 

1 

0 

0 

0 

0 

0 

0 

0 


I 1 year 

3,280 

I 12 

1 

0 

0 

0 

0 

0 

0 

0 

0 


i 

4,920 

1 

JO * 

0 

0 

0 

0 

0 

0 

0 

0 

0 



6,560 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 


BOMBAY- ' 
DECCAN 

j 

1 











15 

Dliamar (2,340) 

3,280 

17 

i 

0 

0 

0 

0 

0 1 

0 

0 

0 

0 

i 

1 year 

4,920 

I 17 

! 0 

0 

0 

u 

0 

0 

0 

0 

0 



6,560 

1 12 

: 0 

0 1 

0 

0 

0 

0 

0 

0 

0 



9,840 

I 

* 9 

1 

; 0 

•0 

: 0 

0 

0 

0 

0 

0 

0 


* HYDERABAD- ^ 



1 

1 

1 

i 

1 









DECCAN 




1 








16 

Himayatsagar ! 

3,280 

16 

' 0 

0 

: 0 

I 0 1 

1 ° 

0 

0 

0 

0 


{IJ76) ; 



1 



j 1 







I year ... j 

4,920 

1 

0 

1 0 

1 i 

: 0 

0 1 


0 

: 0 

0 

0 



6,560 

i ' 16 

0 

i 0 

j " 

0 

0 ^ 

! 0 

0 

0 

0 

0 



FURTliEil STCDIE.S ON CEREAL RUSTS IN INDIA 


2U 


Table XV- -contd. 


Serial 

number 

Province and 
Station. 
Altitude in feet 
above sea level, 
within brackets. 
Period of stud}' 

. 

Height 
of winds 
ill feet 
above 
sea level 

Total 

number 

of 

winds 

studied 

Relevarst winds : 

(g/ Total nuinber, 
(b) Number for 
specified height 
only followed by 
spore showers, 

(c) Number along 
with winds 
at other heights 
follow'ed by spore 
show'ers 

Possibly Relevant winds : 

(i'~iv) From diferent hills, 

(z;) Number for specified height 
only followed by spore showers, 

(vi) Number along with winds at other 
heights followed by spore showers 

, ! < J . 




(i) 

(c) 

0) 

0‘> 

(m) 

(&) 

(o) 

(vt) 


MADRAS 












17 

Coimbatore* (1,341) 

1,640 

77 

20 

7 

0 

0 

0 

0 

1 

0 

0 


5 years 

3,280 

82 

2 

0 

1 

0 

0 

0 

0 

0 

0 



4,920 

82 

5 

0 

1 

0 

0 

0 

0 

0 

0 



6,560 

72 

17 

4 

! 

0 

0 

0 

0 

0 

0 


MYSORE 












18 

Mandya* (2,580) ... 

3,280 

37 

I 

0 

0 

0 

0 

0 

0 

0 

0 


2 years 

4.920 

36 

4 

1 

0 

0 

0 

0 

0 

0 

0 



6,560 

, 32 

3 

0 

0 

0 


0 

0 

0 

0 

1 


9,840 

21 1 

0 

0 

0 

0 

• 

0 

0 

0 

0 


(Trajectories based 

f 9.840 

7 

T 

/ 

] 

0 

0 

0 

0 

0 

0 

0 


on cloud observa- 












# 

tions) 

1 

[13,120 

1 

! 

\ 

1 1 

! j 

1 

I 

: 1 

, . i 

: i 

1 
! 

i i 

1 ! 

1 1 

0 

1 

1 

1 

i 

1 

• 1 

0 

1 

r 

1 

0 

i 

i 

1 

0 

0 

i 

0 

i 

0 

0 

1 

1 


^ TOTAL ... : 

i 

3,412 

334 

25 

1 

183 

1 

i 196 

268 1 

23 

1 172 

[ 


* Situated at foot-liills 




FURTHER STUDIES OX CEREAL RUSTS IX IXDIA 


215 



** The spore shower might have occurred on January 6, due to some earlier wind 



Dates of spore sliower soon after j Date of rust l l • j 

Height of the Date of the wina. Dales of subsequent j appearance. Area or station passed over by the winds 

Map Year wind in feet . wind showers, if any, 14 to 10 days I as reported fromthe Date of rust appearance or 

number above sea level trajectory or so before rust appearance j station. incidence where known withm biackels 

I within brackets ■ 
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Table XVII 


Serial 

No. 

Province 

Name of station 

Earliest date of rust 
appearance, as reported from 
the station. 

Incidencef within brackets 

; Usual period of rust 

' appearance 

1 

PUNJAB 

Gnrdaspur* 

December 4 

- 

March 2nd week 

2 


HosMarpur* 

Januar>’ Ist vv'eek 

February Ist week 

3 


Rawalpindi* 

March 3rd week 

April 2nd W'eek 

4 


Lyallpur 

January 3rd week 

March 3rd— 4th week 

5 


Khanewai 

February 24 

March 2nd— 4th week 

6 


Kama! 

Januarj^ 15 

January 4th week 

7 


Ambala 

(March 15 ,* 1-25 per cent) 

March 1st — 4th W'eek 

a 


Jnllundar 

(March 12 O-iO per cent) 

March Ist— 4th week 

9 

N.-W.F. 

PROVENCE 

Peshawar* 

January 2nd week 

January 2nd week 

10 

SIND 

Sakirand 

March 4 

March 2nd week 

11 

I 

1 DELHI 

I 

j ‘ 

1 Delhi ... ' 

! February 15 ... ... ; 

(February 13; 10-20 per i 
cent) 

February 4th week 

1 

12 

UNITED 

PROVINCES 

1 

Dehradnn* ... j 

Februar>' 23 ... ... ! 

(February 12; 20-40 per 1 
cent) 

March 4th week 

13 

i 

Gorakhpur* 

December 16 ... ... ! 

(December 14; traces) j 

December 4th W'eck 

14 


Mailani* 

(January 5 ; 80 per cent) ... 

December End— Early Jan- 
uary 

15 


Gainsari* 

(December 12 ; 10 per cent) 

December 2nd-— 3rd W'eek 

16 


Nautanwa* 

(December 13 ; one leaf) ... 

December 3rd week 

17 


Nepalganj Road* 

(December 11 ; traces) 

December 3rd week 

18 


BcHrein* ... : 

(December 27 ; 0-40 per cent) 

Early January — Early Feb- 
ruary 

19 1 


Kathgodain* ; 

(February 3; Heavy) 

February Ist — 4th week 

20 


Haldwani* 

(January 3rd week) 

(Fcbruaiy 3 ; common) 

February 2nd week 


f Observations made by members of tbe Rust Research Sta^ or occasionally the writer. Range of crop 
infection relates to different fields and on different varieties at that locality 
* Situated at foot-bills 
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Table XVll-^cjntd. 


Serial 

No. 

Province 

Name of station 

Earliest date of rust 
appearance, as reported from 
the station. 

Incidence within brackets 

' Usual period of rust 

appearance 

21 


Sfiahjalianpur ... 

January 4th week 
(February 1-2 ; 60 per cent) 

February 1st— 2nd week 

22 


Bareilly 

(December 23 ; 0-20 per cent) 

January 1st week — February 
1st week 

23 


Pilibhit 

(December 25 ; traces) 

December End—Early Januar 

24 


Barabanki 

(December 9 ; traces) 

January 1st— 2nd week 

25 


Gonda 

(December 10 ,* traces) 

December 3rd — 4th week 

26 


Babraicb 

(December 31 ; 0-5 per cent) 

December 3rd — 4tb week 

27 


Fyzabad 

December 4th week 

January Middle — ^Eariy Feb- 
ruary 

28 


Agra 

January 18 

February 1st week 

29 


Cawnpore 

February 1st week 
(February 19; 90-100 per 
cent) 

February — ^Marcb 

30 


Lucknow 

(January 31 ; 80 per cent) ... 

January 2nd week — February 
i 2nd week 

31 


Aliababad 

January 14 

January End — February Midd 

32 


Benares 

January 19 
(January 12 ; traces) 

January 3rd — 4th week 

33 


1 Sitapur 

(December 29 ; 0-5 per cent) 

January 1st week — February 
1st week 

34 


Jhansi ... i 

February 20 

(February 21 ; 0-10 per cent) 

February 3rd — 4th week 

35 

BIHAR 

RaxauF 

(December 27 ; 2-3 per cent) 

January 1st — 2nd w^eek 

36 


Jayisagar* 

t (December 24; I percent) 

January 1 st — 3rd w^eek 

37 


Jogbani* 

(January 15 ; 0-5 per cent) 

January 3r(i—- 4tb w*eek 

38 


Motibari* 

(January 10 ; traces— 60 per 
i cent) 

January 2nd— 3r<i week 

39 


Pusa 

December 9 

December 4th week 

“40 


Patna 

! 

(January 8; traces) 

January 2nd week— February 
1st week 


* Situated at foot-hiik 






FURTHER STUDIES OX CEREAL RUSTS IX IXt^Ui 


219 


Table XVII — contd. 


Serial 

num- 

ber 

Province 

[ 

I Name of station 

I 

1 Earliest date of rust 

: appearance, as reported from 
: the station. 

Incidence '^Aithin brackets 

Usual period of rust 
appearance 

41 


j 

i 

: Saboiir 

i " ' 

1 

j (January 1 ; traces) 

January 2nd — ^3rd week 

42 


i Eatibar 

1 (December 17 ; one leaf) ... 

January 2nd — 4th week 

43 


j Sitamarbi « . 

1 

j 

j (January 13 ; 5-50 percent) 

January' 2nd— 3rd week 

44 

BENGAL 

j Malda 

(January 21 ; 30 per cent) ... 

January 3rd— 4th week 

45 


j Cooch*'Behai‘ 

(February^ 1 ; traces) 

February 1 st week 

46 


1 Myrnensingb 

(February 1 3 ; traces — 75 per 
cent) 

Early February 

47 

ASSAM 

DbubrF 

(January 18—19; 0-75 per 
cent) 

January 2nd— '3rd week 

48 


Fakirgani* 

(January 26; traces) 

January End— Early February 

49 

RAIPUTANA ... 

AJme¥ 

February 26 

March 1st — ^2nd week 

50 


1 Sri Ganganagarf 

1 

March 1st week ... ! 

... 

51 1 


Jodhpur J 

(March 8 ; traces) ... i 


52 

i 

CENTRAL 

PROVINCES 

Juhbulpore 

January 19 

February 1 st week 

53 1 


[ NagpurJ 

(March 6 ; 1 percent) 


i 

j 

j 

Khandwa 

January 24 

February 4th week 

55 1 

1 


Pipariaf 

(January 1 1 ; traces) 


56 1 


Powarkheraf 

January 28 


! 

57 


Saugor 

(February 24 ; 5-10 per cent) 

February 3rd week— March 
2nd \veek 

58 

BOMBAY- ... i 

DECCAN j 

Dharwarf 

January 15 


59 

! 

Dohadf 

February 25 


60 

j 

Baroda 

January 4th week 

February 2nd— 3rd week 

61 

1 

Broachf 

February 16 ... ... 1 

... 

62 


Jagudan 

February 7 ... ... 

February 1st— 4th week 

63 


Amrelif 

February 9 

... 


* Situated, at foot-kills 
f This rust v.as reported only once 
i This rust -was observed only once 


220 


FUBTHEE 8TUEIKS ON CEREAf. RUSTS IN INDIA 


T^lBLe 


Serial 

num- 

ber 

Province 

1 

j Name of station 

i 

1 

Earliest date of rust 
appearance, as reported from 
the station. 

Incidence within brackets 

Usual period of rust 
appearance 

1 

64 

HYDERABAD- ... 
DECCAN 

1 

Farbhani]: 

(January 21 ; 1-2 per cent) ... 

1 

65 


Himayatsagar ... 

January 1st week 
(January 20 — 21 ; 1-100 per 
cent) 

I i 

j 

January 1 st-~-2nd week 

1 

66 

MADRAS 

Coimbatore§ 

September 28§ ... - ... 

1 December 2nd week 

67 


Veilakinar* 

i 

j (January 19 traces — 50 per 
cent) 

1 January 1 st“-2nd week 

68 


Anthiyurf 

1 i 

^ February 13 


69 


! 

Udumalpett ... J 

(March 9 ; 0-5 per cent) 


70 

MYSORE STATE 

Mandya* ... j 

j 

October 16 1- 

January 2nd week 

71 

i 

Hiriyur* 

(Cbitaldroog) j 

1 

i 

(November 30 ; 5 per cent) 

i 

November End 


t TKis rust was observed only once 
* Situated at foot-hills 
fXhis rust was reported only once 

I On wheat sown in miniature plots during Junc-July 1937, at the request of the writer 
+ On wheat sown in a miniature plot during August 1935, at the request of the writer 


EXPLANATORY NOTES ON MAP Nos, 55-^34. Ref. TABLES XIII AND XVI. 

(0 In order to economise space only portions of maps showing the wind-trajectories have been included, 
(n) The scale of each map is 1 inch =341 '3 miles. 

(in) Shaded portions represent hills and hilly tracts- 

(iv) Each wind-trajectory bears the label A, B, or C etc., representing heights of 1640, 3280, 4920 feet 
above sea level respectively. These heights have been mentioned in tbe foot-notes to each map. 

(t)) Wherever no date of rust appearance was reported from the station concerned information, if avail- 
able, regarding the incidence of rust on the date of observation by the writer or a member of the 
Rust Research Staff is given within brackets. 
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PART FOUR 

Dissemmation of Puccinia glumarum (Schm.) Erikss. & Henn. 

18. Review o‘f literature 

There are very few references in literature to the disseiiiination of P. 
glumarum^ the yellow or stripe rust. While discussing the annual recurrence 
of this rust in the neighbourhood of Cambridge, the writer [Mehta, 1923] recorded 
the presence of viable uredospores during the greater part of the winter of 
1920-21. It w^as also pointed out that this rust thrives best at comparatively 
low' temperatures and unlike black and brown rusts is unable to withstand 
w’^arm w^eather. 

The wTiter [Mehta, 1925] stated that outbreaks of this rust are probably 
caused by uredospores blowm down from the hills where it survives during 
summer. In a later article [Mehta, 1929] the waiter observed that early infec- 
tion of the wiieat crop by this rust from infected self-sowm plants at Muktesar 
(nearly 7,500 ft. above sea level, Kumaon hills) and places similarly situated is 
probably responsible for outbreaks in the plains. 

Sanford and Broadfoot [1932] suggested that the annual appearance of 
stripe rust (P. glmnanim) in Alberta originates from wind-borne uredospores from 
the states of Washington, Idaho and possibly Montana. 

Later, the wTiter [Mehta, 1083] stated that uredospores of this rust had 
been caught at several stations w^ell in advance of local outbreaks. 

With regard to the distribution of Puccinia glumarum, Stakman [1934] 
pointed out that in the United States it is almost entirely absent from the 
Mississippi Valley and is restricted to the extreme south -w'est, to the Pacific 
Coast and to fairly high elevations on the edge of the Plains region. He observed 
that the range of this rust may be limited by climatic factors. 

According to New’ton and Johnson [1936] Pucemia glumarum has a more 
limited distribution in Canada than the other cereal rusts, being confined to 
British Columbia, ziiberta and the w^estern half of Saskatchew'au. 

Savulescu [1988] remarked that in Rumania the principal sources of infec- 
tion by all the three rusts of wdieat are the air-borne uredospores from surround- 
ing wheat-growing countries. ’ 

/rhe writer [Mehta, 1939, 1940] referred to the foci of infection, wherefrom 
this rust is probably disseminated to the plains in the north. It has also been 
stated that this rust is not found in the plains of Peninsular India wdiereas it 
is common in the north and some other parts of the country as well as in hills 
in the south, i.e. the Nilgiris and Palnis. 

19, StUD-Y of dissemination with the help of xlEROSCOPE-SLIDES 

Full information regarding this study is given in Tables XVIII and XIX. 

20. Study of balloon and kite-slides 

As stated before, exposure of slides on balloons and kites was carried out 
only at the Agra Observatory. The data obtained from this study are given 
in Table XX. 



FURTHER STUDIES ON CEREAL RUSTS IX INDIA 


222 

21. Study of dissemination ttith the help of wind-trajectories 

Since 1932. 2,977 wind-trajectories have been studied in connection wdth 
tlie dissemination, of yellow rust to representative stations. 

As with the other two rusts, the relevancy of these winds w^as carefully 
scrutinized in relation to the dates of spore showers and of rust appearance at 
these stations. Only representative trajectories are reproduced on Map Nos. 95 
to 118 and full information regarding the winds is supplied as foot-notes. The 
details given in the maps are summarized in Table XXI. 

Data regarding the total number of trajectories studied, the number of 
winds found " relevant ' as well as those ^ possibly relevant for all the four 
heights taken together, are given in Table XXII. Information regarding the 
relevancy of winds of different heights is summarized in Table XXIII. 

22. Discussion 

Observations made by the writer in Parts Two and Three apply, in a general 
w^ay. to this rust as well. The various aspects of its dissemination are briefly 
discussed below : — 

(i) Bates of rust appearance in relation to spore sh6u:ers 

Uredospores of this rust soon become discoloured and their detection on 
aeroscope-slides. therefore, is rendered more difficult 'than those of the other 
two rusts. Nevertheless spores were observed on slides exposed at several 
stations, well in advance of rust appearance on the local crops. 

Year after year yellow rust wms absent from the plains of Baroda, Gujerat- 
Kathiawar as w’ell as of Peninsular India although spore showers occurred at 
16 stations as revealed by the study of aeroscope-slides. This is largely due to 
the fact that this rust thrives best at comparatively low temperatures. The 
weekly range and average maximum and minimum temperatures of 12 such 
stations, w’here spores of this rust wrere caught from time to time, are given in 
Appendix For comparison the temperatures of five representative stations 
in the north and central parts of the country for one month before the appearance 
of this rust during a period of tliree years are given in Appendix E. 

As stated in Parts Two and Three it is difficult to explain the absence of 
spore showers 4 to 2 weeks before rust outbreaks at some of the stations in the 
north, Tliis matter is discussed under General” Discussion and Conclusions in 
Part Five. 

(ii) Spore sIiOTcers in relation to winds 

The relevancy of winds in relation to spore showxrs foiloAved by rust out- 
breaks Avas scrutinized on the lines described under sub-head 10 (ii) of Part Tavo, 

Some of the typical cases, in which spore sIiOArers A\^ere found soon after 
the Aviiicls or just prior to the commencement of the incubation period, have 
been dealt with in the maps. As Avith the other two rusts, for some of the 
stations no ‘ releA^aiit ’ AA’inds wTre found in one year or more although spore 
shoAA'ers occurred 4 to 2 Aveeks before the local outbreaks. By AA^ay of illustration 
three cases are described here-and some of the AAunds are reproduced on Map Nos. 
119 to 123, 


Data from four stations were not available. 
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Ax MO. 95 


MAP MO. 96 


NO. 97 




^ ^ -iil' 

05. LYALLPUR (605 ft. above sea level). YELLOW RUST. ORIGINAL J^LAP No. 233. 

Date and height of trajectory in feet ... December 5, 1933 : B — 3280. 

Dates of spore shower soon after the wind ... No spores were caught. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... December 31, 1933. 

B — Tiie wind was traceable from Kumaon hills and passed by the foot-hills of Simla. At 
Simla yellow rust had appeared on November 20, 1033. 


96. HOSHIAEPUR (702 ft. above sea level). YELLOW RUST. ORIGINAL MAP No. 2,016. 

Date and heights of trajectories in feet ... February 4, 1938 : A — 1640, 

B— 3280, 

C— 4920. 

Dates of spore shower soon after the winds ... * 

Dates of spore shower 14—10 days before rust 
appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... Febniary 22, 1938. 

A "The wind was traceable from Kashmir and passed near Gurudaspur where yellow rust 
bad appeared on January 20, 1938. 

B & C — The winds w’ere traceable from Kashmir and passed over Gurudaspur where yellow 
rust had appeared on January 20, 1938. 

* Slide exposed during February 4 — 9 was found entirely broken and could not, there- 
fore, be examined. - 


97 . HOSHIARPUR (702 ft. above sea level). Y ELLOIV RUST. ORIGINAL MAP No. 1,520. 

Date and height of trajectory in feet ... December 10, 1936 : D — 6560. 

Dates of spore shower soon after the wind ... No spores were caught. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... January 5, 1937. 

D — The wind was traceable from U.P. hills and passed over Simla where yellow rust had 
appeared on November 17, 1935. 
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98. RAWALPINDl(l,674ft.abovesea!evel). YELLOW RUST. ORIGINAL MAP No. 800. 

Date and height of trajectory in feet ... February 15, 1984 : B — 8280. 

Bates of spore shower soon after the wind ... No spores were caught. 

Dates of spore shower li — 10 days before rust 
appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... March 1, 1934. 

B -The wind was traceable fiom Simla hills and passed oyer Simla where yellow rust had 
appeared on November 20, 1933. 

m & 100 . KARNAL {900 ft. above sea level). YELLOW RUST. ORIGINAL MAP Nos. 1,560 & 

1,574. 

Dates and heights of trajectories in feet ... December 28, 1936 t% January 6, 1937 : 

A— 1640. 

B— 3280. 

Dates of spore shower soon after the winds ... No spores were caught. 

Dates of spore shower 14—10 davs before rust 
appearance ... *... ... January 11— 14. 

Date of rust appearance ... ... January 22, 1937. 

A & B— The w'lnds were traceable from Siwalik range and passed near Simla where yellow 
, rust had appeared on November IT, 1936. 
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1 01, KARXALf(900 ft. above sea level;. YELLOW REST. ORIGIXAL MAP No. 1,578, 

Date and beiglits of trajectories in feet ... January 5, 10^17 : C — 4020, 

D— 6360. 

Dates of spore siiower soon after the winds ... No spores were caught. 

Dates of spore shower 14 — 10 days before mst 

appearance ... ... ... January 11—14. 

Date of rust appearance ... ... January 22, 1907, 

C & D — The winds were traceable from N.-W. F. Province and passed near LyalJpur where 
yellow rust had appeared on December 20, 1936, 


102. SAKRAND (120 ft. above sea level). YELLOW RUST. ORIGINAL MAP No. 1,281. 

Date and height of trajectory in feet ... February 9, 1936 : A — 1640. 

Dates of spore stiow'er soon after the wind ... No spores were caught. 

Dates of spore shower 14-— 10 days before rust 

appearance ... ... No spores were caught. 

Bale of rust appearance ... ... February 28, 1936. 

A— The wind was traceable from Siwalik raiige and passed near Dehradun where yelow 
rust had appeared on December 21, 1985, 
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10:i DELHI (714 ft. above sea level). YELLOW RUST. ORIGINAL MAP No. 2,114. 

Date aad height of trajectory in feet ... January 15, 103S : A — 1610. 

Dates of spore shower soon after the wind ... No spores were caught. 

Dates of spore shower 14 — 10 days before rust 

iippearaiice ... ... ... No spores were caught. 

Date of rust appefniirce ... ... February 2, 1 938. 

A — The wind was traceable from Orissa and passed near Bareilly where yellow rust was 
oljserved in traces on January 1 — 2, 193S- 


104. AGRA ?554 ft. above sea level). YFLLOW RUST. ORIGINAL M.-VP No. 9*25. 

Date and height of trajectory in feet ... January 30, 1935 : A— 1640. 

Dates of spore shower soon after the wind ... No spores were cauglit. 

Dates of spore shower 14—16 days before rust 

appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... February 24, 1935. 

A— Tlie wind was traceable from central Nepal, where 20 — ^25 per cent crop irffcction with 
yellow rust was observed on Deeeni)>er 23—24, 1934 and passed near Baliraich 
where yellow rust had appeared on January 4, 1935, 
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103. AGRA (334 ft. above sea ie\eij. YE:LL0\V RUST. ORIGLV.VL MAP Xo. 1,()13. 

Date and height of trajectory in feet ... January 16, 103T : A— 1640. 

Date.*; of spore shower ... ... ... January 14 — 

Dates of spore slicwer 14—10 days before rii.st 
appearance ... ... February 3— 6. 

Date of rust appearance ... ... February 15, 

A— The wind was traceable from N.AV. F. Province and passed near Lyaiipiir where yellow 
^ rust had appeared on December 20, 1936. 

♦*Tiie spore shower might have occurred on January 14 or 15, due to .some earlier wind. 

106. AGRA (554 ft. above sea level). YELLOW RUST. ORIGINAL MAP Xo. 1,621K 

Date and height of trajectory in feet ... January 30. 1937 : B -3280. 

Dates of spore shower soon after the wind ... No spores were caught. 

Dates of spore shower 14 — 10 days before rust 
' appearance ... ... ... February 3 — 0. 

Date of rust appearance ... ... February 15, 1937. , 

B— The wind was traceable from N.-W. F. Province and passed near Lyallpur where yellow 
rust had appeared on December 20, 1936. 




107. AGRA ft. above sea level j. YELLOW RUST. ORIGINAL MAP No. ‘i,!*/. 

Date and iieight of trajectory in feet ... February 25 1938 : C— 4920. 

Dates cf spore simwer ... ... ... No spores were eaiigiit. 

Dates of spore siiowcr 14—10 days before rust 
appearance ... * . . . ... No spores were cauglit. 

Date gC rust appearance ... ... February 19, 1938. 

C— Tlie wind was tratjcabie from U.P. hills and passed near Bareilly 011 February i wlicre 
yellow rust had appeared on January 1—2, 19SS. 

198. 

Date and height of trajectory in feet ... January 16, 1933 : D— 6560. 

Dates of spore shower soon after the wind ... No spores were caught. 

Dates of spore shower 14—10 days before rust 
appearance ... ... ... February 4 — 7. 

Date of rust appearance ... ... February 15, 1933. 

D— The wind was traceable from Simla hills and passed near Simla where yellow rust had 
appeared on November 25 , 1932 * 
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109. GORAKHPUR (257 ft. above sea level). YEI.LOW RUST. ORIGINAL MAP Nos. 

820, 821, 822 & 823. 

Date and heights of trajectories in feet ... January 4, 1935 : A — 1640, 

B— 3280, 

C— 4920, 

D— “6o60. 

Dates of spore shower soon, after the winds ... No spores were caught. 

Dates of spore shower 14 — 10 days before rust 
appearance ... "... ... No spores were caught. 

Date of rust appearance ... ... Januar\' 28, 1935. 

A & B — ^The winds were traceable from central Nepal where 20 — 25 per cent crop infection 
with yellow rust was observed on December 23 — 24, 1934. 

C & D — The winds were traceable from western Nepal where yellow rust was observed in 
traces on November 30, 1934 and passed through central Nepal >vhere 20 — 25 
per cent crop infection was observed on December 23 — 24, 1934. 


110. PUSA (188 ft. above sea level). YELLOW RUST. ORIGINAL MAP No. 1,005. 

Date and height of trajectory in feet ... December 21, 1934 : A — 1040. 

Dates of spore shower soon after the wind ... No spores were caught. 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... No spores were caught. 

Date of mst appearance ... ... January 7, 1935. 

A —The wind was traceable from central Nepal where 20 — 25 per cent crop infection vitli 
yellow rust was observed on December 23 — 24, 1934. 


111. PUSA (IS ft. above sea level). YELLOW RUST. ORIGINAL MAP No. 1,003. 

Date and heights of trajectories in feet ... December 19, 1934 : B — 3280, 

C— 4920, 

D — 6560. 

Dates of spore shower soon after the winds ... No spores were caught. 

Dates of spore shower 14--10 days before nist 

appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... January 7, 1935. 

B, C & D — ^The winds were traceable from central Nepal where 20 — 25 per cent crop infec- 
tion with yellow rust was observed on December 23 — 24, 1934, 

8A 




112. ; PUSA (ISS ft. above sea level). YELLOW REST. ORIGINAL MAP No. 1,189. 

Date and height of trajectory in feet ... January 2, 1936 : A — 1640. 

Dates of spore shower soon after the wind ... January 3 — ^7. 

Dates of spore shoiver 14 — 10 days before rust 
appearance ... "... ... January 3 — 7. 

Date of rust appearance ... ... January 20, 1936. 

A — ^The wind was traceable from central Nepal where 60 per cent crop infection with yellow 
rust w’as observed on December 28, 1935. 


118. Pr.SA (188 ft. above sea level). YELLOW RUST. ORIGINAL MAP No. 1,382. 

Date and height of trajectory in feet ... December 31, 1935 : B— 3280. 

Dates of spore shower soon after the wind ... January 3 — 7. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... January 3— T. 

Date of rust appearance ... ... January 20, 1936. 

B— The wiriti was traceable from eeniral Nepal where 60 per cent crop infection with 
yellow rust was observed on December 28, 1935. 


114- FUSA (1S8 ft. abcve sea level). AlilLLOlV RUST. ORIGIN/VL MAP No. 2,255. 


Date and height of trajectory in feet . . . January^ IT, 1938 : D— 6560. 

Dates of sfjore shower soon after the wind ... January 17—20. 

Dates of s|,>ore shower 14—10 days before rust 
appinirancc ... ... ... No spores %vere caught. 

Date of rust appearance ... ... February 7, 1938. 


D The wind was traceable from south eastern part of Punjab and passed over Bareillv 
where jelloiv rust w’as observed in traces on January 1 — ^2, 1938. ^ 
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115. SABOUB (122 ft. aljovc sea level). YELLOIV RUST. ORIGIN.!!. M.!P No. 772 . 


Date and height of trajectory in feet 

Dates of spore shower soon after the wind 

Dates of spore showers 14 — 10 days before rust 
appearance 

Date of rust appearance 


February 9, 1095 : A — 1040. 

Xo spores were caught. 

February IS — *21 & 21 — 25. 
March 4. 1035. 


A — The wind was traceable from central Nepal where 20—25 per cent crop infection with 
yellow rust was observed on December 23—24, 1934 and passed near Pusa where 
the rust had appeared on January 7, 1934. 


116. SABOUR (122 ft. above sea level). YELLOW RUST. ORIGINAL MAP Nos. 784 & 785. 

Date and heights of trajectories ... ... Februarv 14, 1935 ; B — 3280, 

C— 4920, 

D— 6560. 

Dates of spore shower soon after the winds ... February" IS — 21 . 

Dates of spore showers 14 — 10 days before rust 
appearance ... ... ... February 18 — 21 & 21 — 25. 

Date of rust appearance ... ... March 4, 1935. 

B-^..The wind was traceable from w'estem Nepal where yellow rust was fomid in traces on 
November SO, 1934 and passed through central Nepal -where 20 — 25 per cent 
crop infection w-as observed on December 23 — 24, 1934, near Gonda where 2 
per cent crop infection was observed on January 27 and near Pusa where the 
rust had appeared on January 7, 1934. 

C — ^The wind was traceable from central Nepal where 20 — 25 per cent crop infection with 
yellow- rust was observed on December 23 — 24, 1934 and passed near Gonda 
where 2 per cent crop infection was observed on January 27 and near Pusa -where 
the rust had appeared on Januarj^ 7, 1934. 

D — The wind was traceable from central Nepal wdiere 20 — 25 per cent crop infection with 
this rust was observed on December 23 — 24, 1934. 




117. JUBBULFORE (I,2S0 ft. above sea level). YELLOW RUST. ORIGINAL MAP No. 1,830. 

Date and iieigiit of trajectory in feet ... January 13, 1937 : A — 1640. 

Dates of spore siiowers soon after the wind ... January 13 — 16 & 16 — 20. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... ... January 30 — February 3. 

Date of rust appearance ... ... March 3, 1037 (Traces — 20 per cent 

crop infection on February 24, 1937). 

A — -The wind was traceable from Siwalik range and passed near Simla where yellow rust 
had appeared on November 17, 1936. 


118. JUBBULFORE (1,289 ft. above sea level). YELLOW RUST. ORIGINAL J^lAP No. 1,834. 

Date and lieights of trajectories in feet ... January 17, 1937 : B — 3280, 

C— 4920. 

Dates of spore showers ... ... ... Januarj* 16 — 20,** 20 — ^23 & 23 — ^27. 

Dates of spore shower 14 — 10 days before rust 
appearance ... ... . . . J anuary 30 — February 3 . 

Date of rust appearance ... ... March 3, 1937 (Traces— 20 per cent 

crop infection on February 24, 1937). 

B & C— The winds were traceable from Simla bills and passed over Simla where yellow rust 
had appeared on November 17, 1936. 

**Tlie spore shower might have occurred on January 16, due to some earlier wind. 
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119. LY.4XLPI1EI (605 ft. above sea level). YELLOW Ri:ST. ORIGINAL MAP Nos. T7G & 777 


Date and heights of trajectories in feet 


Dates of spore shower soon after the winds 

Dates of spore shower 14 — 10 days liefore rust 
appearance 

Date of rust appearance 
A — The wind was imtraceable. 


February 10, 1985 : A — 1640, 

B— 3280, 
C — i920, 
D— 6560. 

February 11 — 14. 

No spores were caught. 

March 1st week. 


B — Traceable from Afghanistan and passed over Pesha'war. 

C — ^Traceable from N.-W. F. Province and passed over 51urree and Rawalpindi. 
D — Traceable from N.-W. F. Province. 


120. LYMM.PUR (60.1 ft. above sea level). YELLOW RUST. ORIGIN.^VI. MAP Nos. 


Date and heights of trajectories in feet ... Jauiuirv 10, 1086 : 


Dates of spore show'er soon after the winds ... January 10 — 14. 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... January 10 — 14. 

Date of rust appearance ... ... January 27, 1086. 

A — ^Traceable from Afghanistan. 

B & D — ^Traceable from N.-W. F. Province. 

C — ^Traceable from Suleiman range. 


A—1640, 
B-~3*28(). 
C—4920, 
D-— 6560. 


1,155 & 
1 , 156 . 
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121. RAWALPIXDI(1,6T4 ft. above sea level). YELLOW EUST. ORIGINAL MAP Nos- 

914, 915 & 916. 

Date and lieio'lits of trajectories in feet ... January 2T, 1935 : B — 3280, 

C — 4920, 

D— 6560. 

Dates of spore shower soon after the winds ... January 28 — February 1. 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... February 4th week. 

B & C — Traceable from N.-W. F. Province 
D — Traceable from Kashmir and passed near Murree. 


122. RAWALPINDI (1,674 ft. above sea level). YELLOW RUST. ORIGINAL MAP Nos. 

1,219 & 1,220. 

Date and heights of trajectories in feet ... January 20, 1936 : B — 3280, 

C-~4920, 

D — 6560. 

Dates of spore shower soon after the winds ... January 21 — 24- 
Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... January 31 — Februaiy 3. 

Date of rust appearance ... ... Februar\" 10, 1936. 

B & C — Traceable from N.-M'. F. Province. Wind C passed near Murree as w’cll. 
D—Traceable from Kashmir and passed over Murree. 


123. AGRA (351 ft. above sea level). YELLOW RUST. ORIGINAL MAP No. 1,303. 

Date and heights of trajectories in feet ... December 16. 1933 : A — 1640, 

B— 3280, 

C— 4920, 

D — 6560. 

Dates of spore shower soon after the winds ... December 17 — 19. 

Dates of spore shower 14 — 10 days before rust 

appearance ... ... ... No spores were caught. 

Date of rust appearance ... ... January 15, 1936. 

A — ^Traceable from N.-W. F. Province and passed near Lyallpur and Delhi. 

B — ^Traeeable from Baluchistan and passed near Khanewal. 

C — Traceable from Suleiman range and passed near Bikaner. 

D— -Traceable from Baluchistan and pas.sed near Quetta and Bikaner. 

Yellow rust appeared at Lyallpur on January 27 and at Khanewal on February 17. At 
Delhi 20 per cent crop infection with this rust was observed on February 22, 
1936. 
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FURTHEB ST^UDIES ON CEEEAL RUSTS IN INBI-A 

(а) Lijallpm\ 605 feet above sea level {Punjab). In four years out of six for 
which wind- trajectories were studied no spore sliow^ers were found 4 to 2 weeks 
before rust appearance. 

Ill 1934-35 rust appeared at Lyallpur in the first w^eek of March and a spore 
shower took place on February 11 to 14. Trajectories were studied for February 
1 to 14 but none of the winds passed over a station of known earlier appearance 
of rust. Some winds came from Afghanistan but they could not be considered 
as ‘ relevant ’ because rust appeared much later at the intermediate stations. 
Twb winds from Kashmir and one from Murree hills, however, might be regarded 
as ‘ possibly relevant ’ on account of oversummeriiig in those areas. Winds 
of February 10 are reproduced on Map No. 119, 

111 1935-36 rust appeared on January 27 and spore showers occurred on January 
7 to 10 and 10 to 14. Trajectories were studied for December 27 to January 12 
but none of the winds had passed over a station of kiiowm earlier appearance 
of rust. Several winds came from the N.-W. F. Province and some passed over 
Peshaw’ar and Rawalpindi, wiiere rust appeared in the first w^eek of February and 
February 10 respectively. One of the winds came from Kashmir wiiich may, for 
reasons given before, be considered as ‘ possibly relevant Winds of January 10 
are reproduced on Map No. 120. 

(б) Rawalpindi, 1,674 feet above sea level {Pimjah). For this station no 
‘ relevant ’ winds were found during four years out of five but spore show’ers took 
place 4 to 2 w'eeks before rust appearance "during tw'O of them. 

In 1934-35 rust broke out at Rawalpindi in the 4th wTek of February and 
a spore showier occurred on January 28 to February 1. Trajectories were studied 
for January 21 to February 9 but none of the winds was found to be ‘ relevant 
Seventeen winds came from eastern Kashmir, Murree and the Siw’alik range which 
may, therefore, be regarded as ' possibly relevant h Winds of January 27 are 
reproduced on Map No. 121. 

Ill 1935-36 rust appeared on February 10 and a spore shower occurred on 
January 21 to 24. Trajectories w^ere studied for January 10 to 24 but no wind 
was found to be ^ relevant h On January 14 and 20 there w'ere three winds from 
Kashmir and Murree, which as already explained, may be regarded as ‘ possibly 
relevant Winds of January 20 are reproduced on Map No. 122. 

Rawalpindi is situated in the foot-liills and inoculum might, therefore, have 
come down to this station with katabatic winds from Murree or even Kashmir, 

(c) Agra, 554 feet above sea level {United Provmces). For this station no 
'relevant ’ wind was found during 1935-36. Rust appeared on January 15 and 
spores were caught on December 17 to 19. Trajectories w’ere studied for, 
December 15 to 29. Some of the winds came from N.-W. F. Province and passed 
over Peshawur and 'Lyallpur, • wdiere rust appeared on the first w’eek of February 
and on January 27 respectively. K fewr wdiids also came from Baliicliistan and 
passed over Khaiiew^al, w^here rust appeared on February 17. Two winds on 
December 24 and 26 came from the Kumaon-hills and passed over Dehra Dun, 
where rust broke out on December 21, and could not for that reason be con- 
sidered as ‘relevant h However, there wrere six ‘possibly relevant ’ winds that 
year. Winds of December 16 are reproduced on Map No. 123. 



FUETlifiE STUDIES OX CEREAU RUSTS IX IXDXA 

Tiie suiiiiiiarv of data supplied in Map Nos. 119 to 12B is given in 
Table XXIV. 

It is not possible to explain fully some of the niisiits, i.e. rust outbreaks 
spore showers and the absence of ‘ relevant ’ winds in cases where spore 
sliowers occurred. It is likely that inoculum may have come with ‘ possibly 
relevant ’ winds that blew 'during the intervals between daily meteorological 
observations. The inoculum may also have come from places of earlier out- 
breaks, wherefrom no information was available regarding the dates of rust 
appearance. Spore showers, if any, following such winds as were traced back 
to the Iiills ill the Working Charts of the Meteorological Department and there- 
fore interpreted as " possibly relevant are shown in Table XXII. ■ 

sStafions of earlier nisi appearance in the plains 

Obsc-rvatioiis on the incidence of this rust were made at a large number of 
stations in addition to those wdiere slides were exposed in aeroscopes. Informa- 
tion regarding the earliest and usual dates of rust appearance at representative 
stations including those in the foot-hills is given in Table XXV. It is clear 
from the Table that, like the other two, this rust appears, in general, much 
earlier in the foot-hills than in the neighbouring plains. 

{a) Early outbreaks due to nearness to hills. The observations made in Part 
Two apply to this rust also as far as the Indo-Gangetic plain is concerned. As 
it thrives better at comparatively low temperatures than the other two, this 
rust breaks out earlier at higher altitudes in the hills, and as far as the foot- 
hills of the Punjab are concerned appears well in advance of black and browm 
rusts ; this has already been explained in Part Two. 

ib) Early outbreaks due to early crops in the plains. There are no early crops 
in the Indo-Gangetic plain. In the plains of Peninsular India, however, wheat 
is sown earl}’ in some of the districts but as explained before, this rust does not 
appear owing to unfavourable weather. It has not been found even in the 
miniature plots at Mandya and Coimbatore, both situated in the foot-hills. 

{iv) Winds in relation to initial rust outbreaks 

For this rust there w’as at least one ‘ relevant ’ or possibly relevant ’ 
wind for every station under study, as wdil be clear from the Table given 
below. Spore sliow’ers occurred soon after the ‘ relevant ’ or ‘ possibly relevant ' 
winds ill 18 out of 51 records of rust appearance. Spore showers also occurred 
prior to eight records of rust appearance but they could not be attributed to 
any ‘relevant’ or ‘possibly relevant’ wind. In all these cases spores were 
caught nearly 4 to 2 weeks before rust appearance. Xo information could be 
obtained regarding spore showers at tivo stations as no slides were exposed. 
Of the remaining 2B records, spores were caught only 14 to 10 days or so 

Daring 938*39 there was no relevaiJt* wind for Lyallpur and Rawalpindi but five such v.lnds v. ere found 
lor Agra. The number of ‘possibly relevant’ winds for these stations was 14, 6 and 24 respectively. 

In 1939-40 there was only one ‘relevant’ wind for Agra and none for the other two s«latiors. That year 
there were six ‘possibly relevant* ^^inds for Layallpur, nine for Rawalpindi and sis for Agra* 

Full Information regarding the t&semination of this rust to representative stations during 1938-40 
will be supplied in a later article- . 



FURTHER STUDIES OX CEREAL RUSTS IX IXDIA 


•237 


before rust appearance in five and no spores were detected in others. A general 
■summary of data regarding spore showers in relation to winds and records of 
rust appearance is given in Part Five, General Discussion and Conclusions. 


Year 

j 

• Number of stations 
i for v;bich trajectories 
' were studied 

Number of stations for wKicb there was at 
least one ‘ relevant ’ or ‘ possibly 
* relevant ’ wind 

i 

I Number of stations 
; for which there was 
j no ‘ relevant ’ or 
i ‘ possibly reie\ ant 
j wind 

Relevant Fosoibly relevant 

only 

1932-33 

i 4 

3 1 

1 ^ 

1933-34 ... 

... ■ d 

7 : 1 1 

! 

i 0 

\ « 

1934-35 ... 

... • 10 

7 3 

j 0 

1935-36 ... 

9 

4 5 

1 0 

1936-37 ... 

... ; 10 ■ 

6 : 4 

0 

1937-38 ... 

10 

i 

' 1 ' 

0 


(v) Probable foci of infection 

During these studies yellow rust has been found to break out, as a result 
of oversummering. at several places in the hills of the Punjab and United 
Provinces as early as November on the new crop sown in October and witliin 
a few yards of rusted self-sown wheat. In the Simla hills this rust broke out on 
the new crop at Kotkhai on October 31, 1933. On several occasions it has 
been observed in the latter half of November in the neighbourhood of Simla 
(7,000 ft. above sea level) as well as at Muktesar (nearly 7,500 ft. above sea 
level) in the Kumaon hills. At Chitrara, near Dalhousie (nearly 7,000 ft. above 
(sea level in the Siwalik range), it was found on November 7, 1936 and at Manali 
6,500 ft. above sea level, Kulu Valle^^) 100 per cent infection of the new crop 
was observed in the third week of November, the same year. 

In central Nepal (nearly 5,000 ft. above sea level) yellow rust showed 
nearly 60 per cent infection on the October crop in the last week of December 
1935. Here in all probability the inoculum came from higher altitudes as this 
rust is normally unable to oversummer below altitudes of nearly 6,000 ft. and 
no rusted self-sown plants were found at the time of obseiwation. 

At higher altitudes in the Nilgiris and Palni bills, this rust is found in 
abundance by August-September on the first crop. From spore showers at 
several stations in the plains of Peninsular India, as recorded in Table XVIII, 
it is clear that this rust is disseminated to those places but is unable to establish 
itself owing to unfavourable weather. 

This rust is able to oversummer only at altitudes of nearly 6,000 ft. and 
above and thrives best at comparatively low temperatures. Its oversunmiering 
in the uredostage in the hills has been fully established. Consequently, there 
are several foci of infection in the Himalayan range, including the higher 
altitudes of Nepal. The foci in the south, i.e. the Nilgiris and Palni hills, 
seem to be ineffective because of unfavourable weather in the plains of 
Peninsular India, 

8C 
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^ Observations were mtide by members of the RiiJit Research Staff or occasionally the writer. The range uf crop infection, wherever quoted, refers to 
different fields and on different varieties at that station 
(’^) Spore shower 13 to 10 clays only before rust appearance 
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ITRtllEB STt’DiES OX CEREAL RUSTS IX IXBtA 



1935- 36 November 15— -Marcli 27 January 10 — *14 (1) ••• No information 

1936- 37 November 20— 'March 26 January 12^ — 15 (I) ... No rust 

1937- 38 December6— March II ... Jammiy 17— 21 (I) ... No information 
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(’^)l Spore shower nearly 14 to 10 days only before rust appearance 
(*)g Spore shower 13 to 10 days only before rust appearance 



I936'«37 I January 1-— April 7 ... I January 30 — ^February 3 (I) February 3 — 6 (4) February 20 
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< 



1 


{^)l spore shower 13 to tO days only before rust appearance 
* Observations for rust appearance at Agra were made by tlie writer or members of tlie Rust Research Staff 
0)2 Spore shower might have occurred only 10 to 8 days before rust appeamnee 
(*)3 Spore shower 1 1 to 8 days only before rust appearance 



FURTHEB, STUDIES ON CEREAL RUSTS IN INDIA 247 





:4S 


FCETHER STUDIES ON CEKEAL KUSTS IN INDIA 



1932-33 October 26-March 2 ... October 29-November 2(3) December 7-iO (12) | December 25 





Dates of first spore shower. Dales of spore shower, if Dale of rust ap[>earance, as Date of observation, if 
Year Period of exposure Number of spores in any, 4 to 2 W'eeks before reported from the station any, regarding incidence 

brackets rust appeaivmce. Number ,^ 3 ^ 

of spores in brackets 



1937-38 November 21 — March 17 No spores ... ...I ... Noinformaih 
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rUETHER STUDIES OX CEREAL RUSTS IX IXDIA 
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FUETHER STUDIES ON CEREAL RUSTS IN INDIA 



38« Powasrkhera near Hoshangabad 
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rUETHEE STUDIES 0'S CEREAL RUSTS IN IXdI4 



1937-38 October I —January 28 ... No spores ... ... No rust 

44. Bharwar 

1931- 32 October 22— January 1 7 ... No spores ... ... ... No rust 

1932- 33 August 12— December 16 No spores ... ... ... No rust 

1933- 34 September 15^ — ^fanuary 18 October 30—November 3(1) ... No fust 
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Table XIX 

Summary of data given in Table XVfll 


Serial 

numbei 

: Province 

and 

; name of station 

J 

Number 
of years 
during which 
slides were 
e.xposed 

Number 
of years 
when spore 
showers took 
place 

Number 
of years 
when spores 
were caught 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no 
spores could 
be detected 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no rust 
appeared or 
no information 
was received 
regarding rust 
appearance 


PUNJAB 






1 

: Lyalpiir ... 

9 

9 

! ^ 

6 

None 

2 

'' Gardaspur 

7 

7 

; 3 

4 

None 

3 

• Rupar 

6 

5 

I .* 

... 

4 

4 

1 Hosiiiarpui' 

7 

6 

! 3 

4 

None 

5 

1 Rawalpindi 

6 

6 

2 

^ ! 

None 

6 

I Simla 

6 

6 

6 

None 

None 

7 

Khanewal 

5 

5 

4 

1 

None 

8 

Karna! 

5 

5 

2 i 

3 ! 

None 


BALUCHISTAN ■ 

1 



i 


9 

i Quetta ... ... ' 

J 

I 

5 1 

2 ' 

... 

1 ! 

j 

4 


: R.W. F. PROVINCE ; 

i 

I 



1 

1 


10 

; Peshawar ... ... ; 

3 i 

1 

1 

1 ; 

i 

7 i 

i 

None 


1 SIND 

! 



f 

j 


11 

> 

J KaracM 

1 

No spores 


i 

1 

1 

12 

j Sakrand ... ... ; 

6 i 

i 

3 

1 : 

2 1 

1 

3 ' 


1 j 

i DELHI 

I 


i 

j 

J 

1 


13 |l 

1 Delhi ... ... j 

2 

2 

Neither j 

0 f 
2 1 

Neither 


1 UNITED PROVINCES ? 

; f 



1 

i 

j 



14 

1 Agra ... ... * 

9 

8 

' 1 

6 

i 

None 

15 

i 

Gorakhpur ... ^ 

8 

8 

4 1 

I 

3 : 

I 

16 

' Allahahad ... 1 

3 

2 

2 5 

i 

f 

1 : 

None 


* Na slides wer^ expcsed during that period in Que the years 
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Table XIX— cobM. 


Serial | 
number ; 

Province 1 

and i 

name of station I 

i 

i 

i 

Number | 
of years | 
during which 
slides were 
exposed 

Number 
of years 
when spore 
show’ers took 
place 

Number 
of years 
when spores 
were caught 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no 
spores could 
be detected 

4 to 2 weeks 
before rust 
appearance 

Number 
of years 
when no rust 
appeared or 
no information 
was received 
regarding rust 
appearance 

f 

) 

t 

i 

UNIT! 

:d proving 

i 

ES-“Confd. 



\ 

17 ' Cawnpore ... 

8 

7 i 

2 

4 

2 

18 ; Bareflly | 

6 

5 i 

4 

2 

None 

19 Skahiahanpur ? 

: 1 

6 

i 

6 

2 

1 

3 

20 ; Almora ... 

1 

1 

1 

... 


2i . Tarikket ... 

5 

5 

! 

1 

3 

22 i Jkansi 

5 

5 

3* 


1 

23 , 

Benares ... ... 1 

5 

5 

1 

4 

None 

24 : 

Fyzabadi ... ... i 

4 

2 

... 

3 

1 

f 

23 ’ 

Oekradun 

3 

3 

1 

2 

! None 


BIHAR 






26 ' 

Pma 


6 

4 

3 


27 

Patna 

i 6 

5 : 

3 

2 


28 

i 

Sakonr 

6 

6 1 

! 

4 

2 

i None 

: 

BENGAL 





i 

29 ' 

Mymensiitgk 

4 

None 1 

... 

... 

j 4 

1 


ASSAM 


i ; 

i i 

1 1 



1 

! 

30 

Sliiiioag 

; 1 

i No spores i 

i 

... 

... 



RAJPUTANA 


j 

1 



1 

1 

3! 

Ajmer 

7 

1 

1 1 

} 

... 

1 

6 

32 

Sriganganagar 

4 

1 3 

1 

2 

1 1 

1 


* No slife were exposed domg tliat period in one of the years 
I’liere was no crop that year 
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Xabee XIX — conid. 


Serial - 
number : 

\ 

1 i 

1 ; 

Province | No. of years » 

and ^ during wbich 

name of station ; slides were j 

exposed ; 

( i 

1 i 

• , 1 
! 

. No. of years j 
No. of years ^ when spores j 
when spore were caught i 

showers took 4 to 2 weeks 
place before rust 

appearance ’ 

No. of years j No. of years 
when no ' ■when no rust 
spores could * appeared or 
be detected bo information 

4 to 2 weeks ; was received 
before rust ; regarding rust 
appearance ; appearance 

! 

t 

CENTRAL INDIA i 

1 


i i 


33 f 

6 ; 

3 

! 

6 


CENTRAL ' 

PROVINCES , 





34 ' 

1 

Jufebulpore 

7 : 

3 

2* ... ! 

4 

35 ; 

Nagpur ... 

8 i 

S 

3 

... 

8 

36 • 

Khandwa ... 

3 

2 1 

... 

3 

37 I 

Pacchmarbi 

6 

None 

... 

■ ... i b 

38 

Powarkbera ... | 

4 

i 

None 


i ; 3 

39 

i 

Saugor ... ... ; 

2 i 

Neither 

... 

' 2 

40 

Raipur ... ... ; 

2 i 

1 

... 

; 

2 

1 

BOMBAY-DECCAN 



’ 



41 i 

Poona (College farm) 

i 

7 

1 

imt 

i 


■■■ ! 

7 

42 

1 

Pooaa (Observatory 
tower 120 feet above 
grouBd) 

5 

i ? 

... 

- ! 

1 

51 

43 

Nipbad ... — ' 

7 

2 

I 

i ■ 

7 

44 

Dbarwar ... 

7 I 

i 1 

! 

... 

! 

i 

7 

45 

Arbbavi ... ... | 

6 

1 ^ 

i 

6 

46 : 

. Dobad 

I 7 

2 


7 

47 ; 

i Wagra 

[ 

i 2 

1 

Neither 

... 

; 

2 

48 

^ Baroda ... 

1 

6 

I 

; 

6 

49 

" Broacb 

4 

1 

■ 

4 

50 

JagudaB ... 

6 

1 

1 

6 

51 

Amreli ... 

6 

2 

... 1 



* No slides were exposed during that period iaone of the years 
I No crop is sown at Poona (Observ atory) 
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Table XlX—contd. 


Serial 

iwmbei 

: 

Province 

and 

name of station 

. ! 

i 

No. of years j 
duringwhich i 
slides were ■ 
exposed 

I 

No. of years 
when spore 
showers took 
place 

No. of years 
when spores 
were caught 

4 to 2 weeks 
before rust 
appearance 

No. of years 
w'hen no 
spores could 
be detected 

4 to 2 W'ceks 
before rust 
appearance 

No. of years 
when no rust 
appeared or 
no information 
w'as received 
regarding rust 
appearance 

1 

52 

BOfOERABAD-DECCANi 
Parbhani ... 1 

6 1 

None 



6 

53 

1 

Himayatsagar ... | 

6 1 

2 



6 

54 

Raicliiir ... 

1 1 

No spores 


... 

It 

55 

MADRAS 

Bcllary (Hagari) 

6 

' 

3 


... 


56 

Coimbatore 

6 

1 

... 

... 

6 

37 

! Guntur 

j 

6 

' 

... 


6 

58 

1 

j Koilpatti ... 

! 

1 1 

i 

No spores 

i 

... 

1 

If 

59 

) 

1 Antbisnir ... 

1 

No spores 

1 

I 


1 

60 

i Udumalpet 

1 

No spores 

1 

! 

1 

j 

1 

61 

: MYSORE STATE 

1 Hebbal (Bangalore) 

i ‘ 

3 

3 



6 

62 

1 

1 Mandys (Myeore) ... 

3 ! 

1 6 

2 

... 


' 6 

163 

1 Hiiiynr (Cbitaldroog) 

f 

1 

‘ 6 

j 

■ 

1 

i 

i 

1 

i 

i 

6 


fTWe was no crop tlwl year • 

I Tke total w’jmWr of stations Wii 62. At Poona, twa aeroscopes were exposed 



mit up big balloons h spore catchers), small bal is am Agra 

appearane yellow rust during 1929 1938 
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FUETHES STUDIES OX CEEEAL BUSTS IN INDIA 



J Slides posed to 2 W 


Smmiuru of data given in Map Nos. 95 to 118 in relation to the. dissemination of yellow rust 
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27S 



f Observations made by members of the Rust Research Staff or occasionally the writer. Range of crop infection relates to different fields and on different 
varieties in that locality 
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1932-33 ... 6,560 January 16 ... ( ... ) ... February 15 ... Simla (November 25) 

(February 4—7) 



Dates of spore shower soon after Date of rust 

Height of the Date of the wind. Dates of subsequent appearance, Area or station where rust had appeared 

Map Year wind in feet wind showers, if any, 14 to 10 days as reported from the at least 15 days earlier. Dates of rust 

number above sea level trajectory or so before rust appearance station. Incidence appearance or incidence within brackets 

within brackets within brackets 


tUETHER STUDIES ON CEREAL BUSTS IN INDIA 



1934-35 ... 4,920 December 19 ... January 7 1 Central Nepal (Oecciiifjer 2 j~^24 ,* 20-2^ 

per cent) 

I934-35 6,560 December 19 ... January 7 ... Central Nepal (Decem her 23— 24 ; 20-21 



XX' con\ 


PUBTHEH STUDIES OI? CEREAL RUSTS IX INDIA 








FURTHER STUDIES OS CEKEAE KUSTS IX IXtllA 


2t9 



935-36 February 10 ... 4 V January 10~ -24 ... 44 

t (January 31— Feb- J 
ruary 3) 

1936-37 January 19 ... No spores ... Deceuil>or 19 lo January 4 44 

I ^7-38 bel>ruary 24 ... No spores ... January 24 to February B 42 
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I’UETHEU STUDIES OX CEKEAL. RUSTS IX IXDiA 



1934- 35 February 26 ... February 3 -—6 ... January 26 to February 8 54 0 0 0 0 

1935- 36 February 28 No spores ... January 28 to February 1 1 36 0 1 0 0 0 Debradun, 

Agra 



XX contd. 


FURTHER STUDIES ON CEREAL RUSTS IN INDIA 


281 




XXII- ontd 


282 


FURTHET. STUD IBS. ON CEREAL RUSTS IN TNdIA 







.c 


1 





FUUTHER STUDIES OX CEEEAL RUSTS IN IXDIA 


288 



Bareilly, 

Gonda, 

Bfihralch, 

Gorakhpur 





XX a'MV, 
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Table XXIII 


aiid Fossiblij Rciemnt TJt^inds at dijfereni heights in relation to the 
dissemmaiiofi of Yellow Rust during 1932 to 1938 


j Province and 

! Station. 

Serial ! Altitude in feet 

number | above sea level 

i within 

’ brackets. 

! Period of study 

! 

! 

• Height 
‘ of winds 
in feet 
above 
sea level 

Total 

number 

of 

winds 

studied 

Relevant wirxds : 
(a)Total number, 

(h) Number for 
specified height 
only followed by 
spore showers, 

(c) Number along 
with winds 
at other heights 
followed by spore 
showers 

1 

Possihiyt Relevant winds : 

(hi7> From different hills, 

(vi) Number for specified height 
only followed by spore showers. 

(d) Number along with winds at other 
heights followed by spore showers 

i 

i 



{a} 

(W 

(^) 

(i) 1 (it) } (Hi) 

(iv) 

i 

1 PUNJAB 






1 ! 


1 i 

i 1 Lyailpujr (605) ... 

1 

1,640 

80 

0 

0 

0 

0 ; 6 : I 

0 

: ^ ' 

I 6 years 

3,280 

83 

1 

0 

0 

0 1 2 ! i 

0 

j 0 

1 

4.920 

i 80 : 

0 

0 

0 

0 ! 2 ; 0 1 

0 


1 

j 

6,560 i 

77 

0 

0 

0 

0 1 3 ! 1 ■ 

; i i 

0 

i 0 ' 

2 1 HosMarpur^ (702) 

: 1,640 ’ 

* i 

105 1 

7 

0 

0 

0 ' 35 M4 

0 

i 5 ‘ 

i 

1 5 years 

1 3,280 : 

96 i 

i 

6 

0 

0 

j ' 

0 i 28 M4 : 

0 

i 3 ! 

1 

i 

1 4,920 

99 1 

8 ■ 

o| 

\ 

0 : 

0 i 27 i 8 : 

0 

2 1 

\ 

j 

1 6,560 

i 

103 i 

i 1 

' i 

6 : 

® ! 

' ° ^ 

0 1 19 j 10 : 

0 

0 j 


f Such winds as originated from or passed over hii! stations where this rust had been f'jund io oversummrr 
or observed in an advanced stage from year to year, due to early sowings, long before the period 
of winds, were taken as ‘ possibly relevant,* as explained under Methods d Study 


(i) Number of winds coming from Central Nepal 

(it) Number of winds coming from Kashmir and Murree hills 

(i'i7) Number of winds coming from Siwalik and Kumaon hills 


* Situated at foot-hills 

Note.— -In addition to the number of ‘relevant winds’ followed by spore showers, as shown in columns (h) 
and (c) above, there were 10 such winds at different heights, in relation to which spore showmrs also 
occurred but they are not included in those columns because the periods of spore show’ers were not 
strictly in accordance with the heights of the winds concerned, as explained under sub -head 10 (fi). 
Simiiariy, 74 ‘possibly relevant ’ winds have not been shown in columns (id) and (ti)- These 
numbers are, however, included in columns (a) and O') to (ifi). In most of these cases, spore showers 
took place a day or twp earlier than the maximum period reckoned for each height (1 ,640 to 6,560 ft. 
above sea level), possibly because of the absence of great disturbance in tbe air below those winds. 
It is equally likely that some of those spore showers were caused by winds, from other and un- 
known sources, which blew during the intervals between daily meteorological observ’ations. 
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Table XXin~-co?2f^l. 


i 

Serial j 
number j 

t 

1 

1 

\ 

Province and ! 

Stalion. 

Altitude in feet 
above sea level 
witliin 

brackets. ’ 

Period of study 

Height j 
of winds i 
in feet 1 
above i 
sea level | 

1 

Total : 
number 
of ; 

winds 
studied , 

Relevant winds : ; 
(a) Total number. , 
(b) Number for 
specified height 
only followed by 
spore showers, 

(ci Number along 
with winds 
at other heights 
followed by spore 
showers 

Possibly Relevant winds : 

(f-ifi) From different hills, 

(iv) Number lor specified height 
only followed by spore showers, 

(v) Number along with winds at other 
heights followed by spore showers 

(.)| 

(h) 

(0 

(f) 

: (h i , 

(in) 

(ivj : 

(«■) 

3 

Rawalpincii* (1,674) 

3,280 

' 

74 

1 

9 

0 

0 

; 0 

j 

9 


1 

0 

0 


5 years 

4.920 

72 

0 

0 

0 

' 0 

; 10 

1 

0 1 

0 



6,560 

73 

0 

0 

0 

i 0 

1 25 

s 

2 

1 i 

0 

4 

Kamal (900) ... 

1.640 

71 

7 

0 

0 

i 0 

I 10 

22 

! 

’ i 

2 


5 years 

' 3.280 

74 

4 

0 

0 

! 0 

' 6 

14 

0 i 

2 



4.920 


2 

0 

0 

• 0 

: 

13 

0 1 

1 

6 



6.560 

! 70 

i 

1 

0 

0 

; 0 

I 6 

i 

8 

0 1 

1 

t 

2 


SIND 


i 

! 

i 





j 




5 

Sakrand (120) ... 

1,640 

29 

1 

0 

0 

; 1 

; ^ 

S 

1 

0 


3 years 

3.280 

37 

0 

0 

0 

^ 0 

! ° 

0 

0 I 

! 

0 



4,920 

38 

0 

0 

0 

' 0 

! 0 

0 

i 

0 i 

0 



6,560 

36 

i 

1 0 ' 

0 

0 

; 0 

0 

1 

1 0 

I 

1 

0 I 

1 I 

0 


DELHI 



' 1 

1 



i 

i 1 

1 ! 

j 

1 

i I 



6 

DelM(714) 

1,640 

1 

15 

1 

1 

0 ‘ 

0 

i 

i 0 

i 6 1 

i 0 ! 

0 ; 

0 


1 year 

3,280 

16 

0 

1 0 ; 

0 

; 0 

' ? ’ 

4 = 

0 ; 

0 



4.920 

16 

0 

0 s 

0 

' 0 

2 ' 

2 : 

' 0 i 
! 

0 



6,560 

14 : 

i 

0 

0 

1 

0 

0 

i , 

0 1 
I 

- 1 

1 

0 ! 

j 

0 


* Srtuatcd at foot-liills 
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Table XKllI—conicl 


Serial 

number 

Province and 
Station. 
Altitude in feet 
above sea ie^^el 
within 
brackets. 

Period of study 

Height 
of winds 
in feet 
above 
sea level 

Total 

number 

of 

v.inds 

studied 

Relevant wnds : 
(a) Total number, 
(b) Number for 
specified height 
, only followed by 
spore showers, 

(c) Number along 
with wands 
at other heights 

1 followed by spore 
showers 

Possibly Relevant winds ; 

(i-tii) From different hills, 

(ivi Number for specified height 
only followed by spore showers, 

(u) Number along with winds at other 
heights foilow^ed by spore showers 

1 

i 





(a) 

(b) 

(c) 

(i) 

(«) 

1 (in) 

(w) 

(v) 


UNITED 

PROVINCES 

‘ 



1 


i 

i 

i 

i 

! 

1 

! 

1 


7 

Agra (554) 

1,640 

92 

21 

i 0 

0 

; 1 

i 

\ D 

1 14 

i 0 

i 

1 


6 years 

3,280 

! 

92 

3 

I 0 

0 

0 

3 

: 0 

! 0 

1 



4.920 

93 

6 

' 0 

0 

! 0 

1 

: 2 

^ 0 

0 



6,560 

93 

2 

, 0 

0 

0 

1 

0 

0 

0 

8 

Gorakbpiir’*' (257) 

1,640 

62 

12 

0 

0 

10 

1 

14 

1 

0 


4 years 

; 3,280 ; 

59 

10 

0 

0 

8 

1 

! 12 

0 

0 



i 4.920 1 

62 

8 

0 

0 

3 


8 

0 

0 



6,560 

60 1 

5 

0 

0 

2 

1 

10 

0 

0 


BIHAR 

1 j 

1 1 










9 

Piisa(i88) ... 1 

1 1,640 i 

89 

9 

0 

1 

13 

2 

10 

0 

1 


6 years ' 

3,280 ; 

9i 

i 10 

1 

: 0 

1 

i 18 ! 

2 

j 14 

1 

0 

0 



i 4,920 : 

90 

^ 10 

■ 0 

0 j 

15 ; 

3 

9 

0 

' 3 


1 1 

i 6,560 _ : 

93 

15 

: 0 

0 

1 

15 

I 

0 , 

10 

0 

4 

10 

Sabour(122) ... | 

1,640 

78 

11 

1 

' i 

; i 

1 0 i 

1 

'3 I 


5 

0 

2 


6 years i 

3,280 : 

82 

11 j 

0 : 

1 i 

16 

2 

9 

0 

6 


i 

4,920 I 

90 

II 

■ 0 i 

2 

22 1 

3 

6 

0 

3 


! 

! 

6,560 1 

89 

20 

3 1 

■| 

5 1 

1 

18 1 

j 

,1 

0 

6 

2 

2 


^ Situated at foot-hills 
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Table XXTII- confd. 


f 

Relevant wincl^ : 
(a if Total number. 



Province and 



(b) Number for 

po<sii>ly Relevant winds ; 


Station. 

Heiifht 

FolUt 

specified height 

[i-fiit From different hills. 

Serial 

Altitude in feet 

of winds 

number 

only followed by 

(ji'J Kiirnber for speciSed height 

ruuiibcj 

a hox'e sea level 

1 in feet 


spore showers. 

only followed oy spore showers, 


witbin 

a bovc i 

j winds 

(c) Number along 

(r i Number along with winds &i oitm 


brackets. 
Periwi of study 

Sea level | 

f -'■tudied 

with winds 
at other heights 
followed by spore 

heights followed by spore showri's 


s howers 

(a} (hi (c) 

BENGAL 


n ' MyuieBsisgli (62) | 

i/'40 ; 

14 


{ year 

3,280 

14 


i 

4,920 i 

12 

i 0 


6,560 i 

16 

0 


ASSAM 


I 


12 Dhubri* (115) 1 

I,64rs 

14 

0 

4 . 

J. 

0 

0 ! 

0 


1 year 

3,280 

15 

0 

f 




1 


1 

4,920 

13 

0 

J 




0 


1 

6.560 

14 

0 





0 


1 CENTRAL 










PROVINCES 










13 j Jubbu!pow(1.2!91 | 

1,640 > 

32 

1 2 j 

' 1 

0 




1 

1 ; 

j 2 years ; 

3,280 : 

2S 

. 4 ■ 


1 




“t 

1 i 

4,930 ; 

30 

1 i 

0 1 

1 

0 

li j 
» 
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0 
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6,5t)0 : 

31 

rf : 

0 ‘ 

0 

0 

1 

0 ; 

0 

0 





i 

i 

! : 

TOT.4L 

2,977 

8 

13 1 d 

1 ■ 

1 244 ' 264 H 


J No spores were expos«i5 at thk statj'or^ 
'** Situated at foot-bills 
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Table XXV 


Earliest date and the usual period of the appearance 0/ yellow rust in ihefooidnUs 

and plains 


Serial Province 

num- ’ 
ber i 

Name of station 

! 

j Earliest date of 

! rust appearance, 

1 as reported from 

the station. 
Incidcnccf within 
brackets 

! 

! 

i 

! Usual period of- 

1 rust appearance 

i PUNJAB 

Curtlaspur* 

j December 27 

January 2nd week 

T 

Hoshiarpur* 

i January 5 

January — February' 

3 

Rawalpindi’^ 

January 19 

February — ^Marcb 

4 

; PatKankote* 

(.March 6 ; 2-10 per cent) ... 

March 1st — 2nd week 

3 

i Rupar 

January 15 

January Middle 

6 ? 

! Lyallpur 

; December 20 

January — Fe bruary 

7 i 

Kliancwal 

January 12 

February 3rd week 


Kama! 

January 7 

jariinry 2nd-’*3rd week 

9 i 

Ambala 

(March 13 : 3-40 per cent) 

^larch 1st— 2nd week 

10 \ 

Sialkot 

; (^;arch 3 ; 3-20 per cent) .. 

XiarcK 1st — 4th week 

ii 1 ■ 

Jullundar 

1 (^larch 17 ; 10-30 per cent) 

March 1st — 2nd week 

1 : j 

? 

Hansi 

1 (bcbruaiy 15; traces) 

bebrnary 2nd week— March 

1st week 

13 |n.«WvF.FBO. ... 
%1NCE 

Peshawar* 

February bst week 

February 3rd week 

M smD ... 1 

Sakrand 

February 26 

F.nd of February-" .\Nrch 

13 DELHI 

Dellii 

February 2 ... ... , 

February 1st week 

16 UNITED PRC- ... 

; VINCES 

Debradnn* 

December 21 ... ... 

January 1st week 

:7' ' 

: Kotdwara* 

(December 29 ; traces) ... | 

February 1st week 

; ' 

Haldwani* 

(January 2nd week) ... ; 

(Januarv- 23 ; 30 per cent) 

February 1st week 

19 

Katbgodam’’ 

(Fcbruaiy' 3 ; Heavy) 

January end 

2' * ^ 

Gorakhpur* 

December 31 

Januaiy 4th week 

:i ; 

Mailani* 

(Januarv- 3 ; traces) 

January—February 1st week 


.O.ucrvr.!,rns ™dc h - n,cmhcrs of the Rust Res^rch Staff or occasionally tKe r^-riter. Range of 
crop in ection relates to Afferent fields snd on different varieties at that locality 

* at foot-hills ^ 
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Table XXV— comM. 


Serial 

num- 

ber 

' Province 

! 

! Name of station 

j Earliest date of 

1 rust appearance, 

j as reported from' 

1 the station, 

j Incidence within 

i brackets 

i Usual period oi 

i rust appearance 

2? 


Gainsari* 

i (January' 3 ; traces) 

January Isl— 4Lh week 

23 


! Naiitanwa* 

1 (January 4 : 0-1 percent) ... 

January tst~3rJ week 

24 


Naipalganj Road* 

1 (January 1 ; 0-25 per cent) 

January Early 

25 


Choharpur* 

1 (February 25 ; 25-100 percent); January 4ih week — February 
i ! 1 st week 

26 


Kasbipurn 

i (January 21 ; traces — 30 per 

1 cent) 


27 


Bellrein* 

(December 27 ; traces) 

i 

January Earl} — February 

Early 

28 


Najibabad 

(December 28 ; traces) 

January End 

29 


Moradabad 

(January 22; traces) 

January 3rd w'eek — February 

1st W'eek 

30 

i 

Sbabjabanpuir ... 

February" 1st week 
(February 1 — 2 ; 20 per cent) 

February 1st — 3rd week 

31 

1 

Bareilly 

(January 1 — 2; traces) 

January' 1st — ^3rd week 

32 


Cbandausi 

(January 4th week ; Epidemic) 

January 1st — 4th w’cek 

'33 


Paibhit 

(January 6 ; traces) 

January Middle 

34 

! 

i 


Barabaaki 

(December 29 ; traces) 

January 4th w'eek — February 

1st W'eek 

35 


! Gonda 

(January 27 ; 2 per cent) ... 

January 4th week 

35 


Fyzabad 

January 14 

January End— February' 2nd 
week 

37 


Lucknow 

(January 31 ; 5 per cent) 

January' End—Fehmary 3rd 
week 

38 


Agra 

January 3 

February 2nd — ^3rd week 

i 

39 1 

1 


Cawnpore 

February 1st week 

February — March 

40 

i 

* 

AUababad 

January 30 

February 1st week 

41 


Benares 

January 19 

January End — February 

42 I 

i 

Jbansi 

February 15 

February 3rc! week 


Situated at foot-hiils 


X At this station rust was observed only once 

lOA 
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Table XXY—confd 


i Earliest date of 
1 rust appearance, 


Serial 
Bum- i 
her 

rrovince 

iNtUJIC Ut MdHOU 

aa icjjuitcu iiw»‘ 

the station. 

Incidence within 
brackets 

rust appearance 

43 1 

BfflAR 

Raxael*4 

(January 12 ; 0-5 per cent) 


44 1 


Jaynagar* 

(January 13 3 per cent) ... 

January’ 2nd week 

! 

45 i 


Jogbani* 

(January 18 ; traces) 

January 3rd — 4th week 

46 


Mntibari*4: 

(January 22 ; traces) 


47 


Pusa 

January 7 

January— February 

48 


Patna 

January 4th W'eek 

January End — ^Early February 

49 


Sabour 

January 23 

January 4th week — February 

50 ' 


Katihar 

(January 20 ; one leaf) 

January 4th week 

51 


HarinagarJ 

(January 1 1 ; 0-50 per cent) 


52 ' 

BENGAL 

Mymensmgb 

(February 15 ; traces) 

February 1st — 4th 

53 


Coocb-Bebart ... 

(February 7—8 ; 0-1 per cent) 


54 

ASSAM 

Dhubri* 

(Januarj' 23 ; traces) 

January End — February 

Middle 

55 


Falckgunft 

(February 1 1 ; 0-5 per cent) 

56 

rafutana ... 

Ajmerf 

March 7 


57 


Siiganganagar ... 

January 25 

February End— Early March 

58 

: CENTRAL 
‘ PROVINCES 

i 

Jubbulpore 

Februaryl7 

j February 4th week 

59 

Saiigot 

(March 2 ; 5 per cent) 

1 March 1st week 

1 

60 

j 

Powarkberaf 

February 12 


61 

1 

1 

PipariaJ 

0anuary 11; 5 per cent) 

1 


I At this station rust was observed only once 
*Sitinted at foot-hills 

t Fiom this station rust was reported only once 

Explanatory notes on Map Nos. 95-123. Ref. Tables XXI and XXIV. 

(i) In order to econo-mise space only portions of maps showing the wind -trajectories have keen included 
(n) The scale of each map is I inch =341,3 miles 
(ii7) Shaded portions represent hills and hilly tracts 

(it?) Each wind-lrajectory bears the label A, B, or C etc., representing heights of 1640, 3280, 4920 feet above 
sea level respectively. These heights have been mentioned in the foot-notes to each map 

(i?) Wherever no date of rust appearance was reported from the station concerned information, if avail- 
able, regarding the incidence of rust on the date of observation by the writer or a member of the 
Rust Research Staff is given within brackets 
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PART FIVE 


General Discussion and Conclusions 

As stated in the previous monograph [Mehta, 1940] there is no source of 
rust infection locally in the plains at the time of sowing wheat and barley 
(October-Noveinber). yet rusts cause severe epidemics over the greater part 
of India from year to year. 

On account of a long summer, the interval betiveeii the harvest and the 
next sowing in this country is much longer than in temperate climates and varies 
from 6-7 months according to local weather conditions. During this period 
there is no inoculum from the previous crops in the plains and, excepting at 
some places along the sea-shore, no self-sown plants or ratoon tillers from 
harvested crops exist. At most of the stations in the plains rusts appear 2-3 
and even 3-4 months after the time of sowing of the new crop although, as 
shown by the experiments described in Part One, weather conditions are quite 
favourable from the start, at any rate, for black and brown imsts. One may 
conclude, therefore, that rusts are reintroduced into the plains of India every 
year from sources elsewhere. 

The question that naturall}" arises is, -where does the inoculum come from ? 
This question has been partly answered in Parts Two, Three and Four and only 
such aspects as relate to the dissemination of all the three rusts, in general, are 
discussed below : 

(i) Usual period of rust appeamnee in the plains in different parts of the country 

In some of the districts of Peninsular India black rust has been found to 
break out as early as October -November on wheat sown during Jidy to September. 
Even on the normal crop (sown in October-Noveiuber) this rust appears earlier, 
i»e. by December-January, in Peninsular India than in other parts of the 
country. In the north black rust usualty appears first in the foot-hills of the 
Nepal range (eastern distrets of the United Provinces) late in December— early 
January. In the western districts of the United Provinces it breaks out much 
later, l.e. in February to early March and the same applies to the Central Pro- 
vinces. Year after year black rust appears last in the central Punjab, l.e, 
during March- April. . 

j3rown rust appears in Peninsular India only occasionally but at about the 
same time as black rust. In the foot-hills of the Nepal range this rust breaks 
outj in general, a few days before black rust and the same applies to the western 
districts of the United Provinces and the Central Provinces. In the central 
Punjab also browm rust appears a few days earlier than black rust but on the 
wdiole much later than in other parts of the country. 

.Yellow rust is not found in the plains of Peninsular India. In other parts 
of the country, excepting the Central Provinces, it breaks out usually ip January- 
Eebruary. In the Central Provinces this rust appears only occasionally and 
nearly a mouth later than in the northern parts of the country. 

It is inipoidaiit to note that black and brown rusts appear earlier at Karnal, 
which is situated along the border between the United Provinces and the Punjab, 
than in the latter. 
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(??) Inotulv)}} from other contincnis 

III view of long distances and much later outbreaks oi‘ rusts in Europe and 
Aiiiericn there is little likelihood of inoculum being disseminated to India from 
those eontiiients. Wheat and barley are IiarTCstcd in India long before rusts 
develop ill tliose parts of the world. In Australia there is no yellow rust and 
the physiologic-race flora of black and brown rusts is entirely different from 
tliat of India. AAme of the physiologic races of these two rusts foun.d in India 
has !}een reported from Australia. The same applies to Africa as regards the 
physiologic-raee flora of black rust of wheat, but no information is available 
from that continent about the other two rusts. It is highly improbable, there- 
fore. that inoculum from cither of these two continents could be responsible for 
initial rust outbreaks in India. 

(iii) Inocnlim from adjacent countries 

It is hardly necessary to consider the possibility of inoculum coming from 
countries north of India because of the severely cold winter and consequently 
delayed appearance of rusts. Besides, the Himalayan range is an effective 
barrier. 

Tlie same applies to Afghanistan. In that country wheat is sown during 
Otdober-Xovember and over the greater part lies buried under snow throughout 
winte,'. The harvest takes place in July -August. In this connection it is 
important to note that, although during the greater part of winter the direction 
of prevailing winds is from Afghanistan tow'ards Bengal, rusts appear much 
later In the Punjab than in the United Provinces. If Afghanistan were the 
source*, crops in the Punjab should get rusted earlier than in any other part of 
the Indo-Gangetie plain. 

In Baluchistan wheat and barley are sowm at about the same time as in 
AlghanistaiL i.e. during October-Xovember and information obtained by the 
w^riter shows that there is no early crop in that country cither. Wind data 
were obtained from the ^Meteorological Department, Poona, for November to 
January during 1935 to 1938. There were several winds at different heights 
from Baluchistan to Bombay-Deccan including the Dharwar area, Gujerat- 
Katluawar, Rajputana and the Punjab during those periods. -Whereas black 
rust appears in tlie south-western parts of Bombay-Deccan fairly early in the 
season, (December- January), the same is not true of the other three areas inen- 
tionetl above. In fact from Quetta (Baluchistan) itself no rust has ever been 
reported before the end of April. Rust outbreaks occur rather late (February- 
3Iarch) at Sakrand (Sind) also. In Gujerat-Kathiawar black rust has been 
occasionally found fairly early, i.e. during December-January, but in R^ij- 
putana both browm and black rusts appear much later, and in the Punjab these 
two rusts break out as late as Mareh-April. It may safely be concluded, there- 
fore. that the inoculum responsible for early outbreaks of black rust in Bombay- 
Deccai^ and Gujerat-Kathiawar comes from some other source. 

(iv) Sources unihin the country 

In contrast with their total absence in the plains of India during summer 
and at the tiiiu‘ of sowings, rusts are found at various altitudes in the hills 
during .^lay-June on the crop and on self-sowm plants or ratoon tillers from 
harvested plants throughout the season. Oversummering of rusts in the hills 
of Inclia is an established fact and they break out on the hill crops very much 
in advance of infection in the neighbouring plains. 
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As stated in the previous monograph [Mehta, 1940] the similarity between 
the physiologic-race jfiora of the hills and the plains is another proof, and a 
strong one too, of the fact that the source of all the three rusts under reference 
lies in the hills. 

There is nothing to suggest, however, that at any locality in the plains 
every field, much less each plant, should get infected by inoculum directly from 
the hills. In fact this is extremely unlikely to happen. Once the initial 
infection of a few odd plants has taken place, as a result of inoculum coming 
down from the hills, rust should spread from plant to plant much faster locally 
in the plains owing to mild weather. Later on infection may spread from place 
to place as a result of dissemination by the upper-air currents. 

(v) Role of upper-air currents in rust dissemination 

Detailed reference has already been ir^ade to this aspect of the problem, 
especially in relation to the spread of black rust from southern Texas and Mexico 
to the Mississippi Valley and from there to Canada, 

The question of the spread of rusts to the various countries of Europe from 
areas where they are able to overwinter in the uredostage has been discussed 
before. Reference has also been made to the dissemination of black rust from 
some of the countries as a result of earlier infection of barberries. 

As far as infection with rusts in the plains of this country is concerned, 
inoculum should reach the upper-air through winds even from ground level in 
the hills as soon as new crops in those areas become infected. The upward 
movement of inoculum by anabatic (up-valley) air-currents needs no explanation. 
In the presence of well-advanced infection on the hill crops, therefore, a fair 
amount of inoculum should be carried by the upper-air to long distances if there 
are strong winds. 

Similarly, inoculum from places of early rust appearance in the plains 
should be carried into the upper-air by convection currents during the day time 
and then disseminated in different directions. 

(vi) Speed of upper-air currents and their width 

The speed of winds was not shown in the trajectories, as drawn on the 
original maps but the distances covered by different winds, during their course 
from day to day, have been reproduced on Map Nos. 2 to 126 to enable the 
reader to measure approximately the average speed with the help of the scale 
shown in the Explanatory Notes to the Maps. 

Ramanathan and Ramakrishnan [1939], while dealing with the general 
circulation of the atmosphere over India and its neighbourhood based on twenty 
years’ observations, have supplied detailed tables giving the ‘ arithmetic mean 
speed ’ of winds during all the twelve months of the year at heights of 0.5 and 
1 to 8 kilometers. 

With the exception of a few stations, trajectories prepared for these studies 
relate only to winds up to 2 kilometers, i.e. 6,560 feet above sea level, and their 
‘ arithmetic mean speed ’ during October to March, the period of growth of the 
wheat crop in the plains, as recorded by these authors, ranges between 15 to 
17 at 1,640 and 3,280 ft, and 16 to 27 miles per hour at 6,560 ft. above sea level. 

With regard to the width of winds the Superintending Meteorologist, Upper- 
Air Observatory, Agra has kindly supplied the following information ; 

lOB 



2m 


FUBTHEE STUDIES ON CEEEAL BUSTS IN INDIA 


‘ The wind" trajectories drawn ovei' any region would naturally be re- 
presentative of the wind flow" o%^er a restricted belt only, the width of a belt 
depending upon various factors such as the wind speed and its variability, the 
steadiness of its direction, the extent, depth and persistence of the general wind 
flow* These are indeed very fluctuating factors and therefore an 5^ attempt to 
estimate the width w^ould be more or less arbitrary. With this limitation, one 
may take 50 miles as only a rough w’orking value for the wndth of the wind- 
trajectories*’ 

(uu) General direction and circulation of leinds during mnier 

Information regarding the general direction of winds during October to 
March, the period of growth of the -wheat crop in the plains of India, has been 
summarized below' from the memoir published by Ramanathan and Rama- 
krishnaii [ 1939 ]. 

October. — ^At 1 km., air flow's from north to south in regions lying approxi- 
mately to the w'est of longitude 85 ° and froni south to north to its east. At 2 
and 3 km. w'esterly winds in north India push through to Bengal and Assam. 

November. — ^At 1 and 2 km. there are valley wdiuls in, Assam between the 
Khasi hills and the Himalayas. The land air from north--west India curves 
round the high pressure area in the central parts of the country and traverses 
the middle of the Peninsula as a north-easterly current. Wind directions in 
the south Bay and on the 'Madras coast are definitely easterly and north- 
easterly. 

December. — During this month no important change is recorded below 
8 kilometers. 

January. — There are disturbances in north Bidia from w'est to east with 
greatest effect in Kashmir and hills of the north and east Punjab. At 1 km. 
there is a slow' drain of cold air from and along the Himalaj’as tow'ards the head 
of the Bay of Bengal and also a flow' of air dowm the Brahmaputra valley to- 
w'ards north Bengal. In the south of the Bay and the Peninsula tlui’e is an 
easterly current. At 2 km. w'inds w'ithhigh velocity blow in the Gangctic valley, 
United Provinces, Bihar and Bengal, is also a strong control of the high 

mountain system in the north. 

February* — Conditions in this montli are generally similar to those in 
January. 

March. — Western disturbances continue to pass eastw'ards across north 
India. In Gujerat and Bombay-Deccan there is a southw'ard flow’, w'hereas along 
tlie east coast it is northwards. 

With regard to the circulation of w'inds these authors have observed that 
there is a regular seasonal northw'ard and southward movement of the^ upper- 
air system w'hich is mainly meridional during winter. Another striking feature 
of circulation in the region, which covers practically the wdiole of India, is the 
great influence exercised by the mountain system in the north up to a level of 
0 km., i.e. 19,680 ft, above sea level throughout the year. 

{viii) Role of katabatic winds in the dispersal of inoculum frofn the hilU 

It is well-known that katabatic winds flow dowm from the hills every night 
in clear weather. Rust outbreaks in the foot-hills may, in general, be attributed 
to such winds if there is enough inoculum on ^ out of season ’ plants in the hills 
PI* if the Ml crops are already infected, 
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It is not possible to state exactly the duration of katabatic windsy their 
speed and the distance they are likely to cover from any of the hills in this 
country owing to lack of anemograph records at intermediate stations. On the 
authority of the Agricultural Meteorologist, the writer can state that in the 
case of the Xilgiri and Palni hills the range of katabatic winds ma}' be BO to B5 
miles. With regard to Poona, which is nearly 12 miles from the hills (Western 
Ghats), the most frequently observed speed of katabatic winds, as recorded by 
Atmanathan flOBl], is about five miles per hour. In the case of the Himalayan 
range, on account of high altitudes, the range of katabatic winds may be as 
much as 80 miles and the mean speed about ten miles per hour. If the direction 
of prevailing winds happens to be the same as that of the katabatic flow, the 
sphere of influence will extend farther than when these winds are against each 
other. It may, therefore, be pointed out that the following foot-hill stations 
mentioned in this monograph are within the reach of katabatic winds : — 

RaAvalpindi, Hosliiarjnir. Gurdaspur, Dehra-Bun, Goraklipur and several 
others along the Nepal border, Poona, Mandya and Coimbatore. 

(iiv) Rtisi spores in the upper-air in India 

As shown in Tables I, IV, XII and XX spores of each of tlie three rusts o{ 
wheat were cauglit from the upper-air on slides exposed from aeroplanes as 
w^ell as on balloons and kites. With aeroplane exposures rust spores were 
cauglif at heights up to 10,700 ft. above sea level. No exposures w'cre made 
above that height. 

(e’) Rate of fall of spores in still air 

As stated in Part Two, Ukkelberg fl9BB] calculated the rate of fall of 
uredospores of black rust in still air to be 1P57 i O'OB and that of brown as 
12*62 + 0'07 mm. per second. For a single spore of black and brown rusts the 
rate of fall per hour in still air conies to nearly 183 and 1 49 ft. respectively. 

Individual spores of black and browm rusts wnuld, therefore, take nearly 
12 and 11 hours respectively to alight on the crops in still air from 1,640 ft. If 
the air below' this height happens to be in movement they W'ould take longer 
to settle down. Spores adhering to dust particles w'ould reach the ground level 
much sooner and so would spores in clusters. This question has been fully 
discussed under sub-head 10 (ii) of Part Two. 

Judging from their measurements the rate of fall of individual spores of 
yellow rust w’'ouid be nearly the same as that of brown rust. 

(wi) Fall of spores with ram drops 

The part played by rain in bringing down inoculum from the upper-air to 
ground level is of considerable importance. Although uredospores w'oukl alight 
on the crop none nmy reach the slide inside an aeroscope unless there is wind 
at the ground level splashing rain into its box. Even then some of the spores 
may drip off the slide with rain drops. 

Information w'as therefore obtained to see how' far rain could account for 
cases of rust appearance in the absence of detection of spores on aeroseope-slides. 
For this purpose the following eight stations were selected: — Lyallpur, Delln, 
Agra, Pusa, Jubbulpore, Poona, Mandya and Coimbatore. Every case of rust 
appearance, not preceded by a spore show'er, was examined to make sure if any 
of the ‘ possibly relevant ’ winds that blew over these stations was followed by 
rain prior to the commencement of the incubation period. Data of rain and 
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other necessary information, are given in Appendix F. Only such muds are 
included in the Appendix as were followed by rain. At five stations out of 
eight, which have been left out of the Appendix, either there were no ‘ possibly 
relevant ’ winds without spore showers or there was no rain following the winds 
just before the commencement of the incubation period. 

Similar information was also collected for such ‘relevant’ winds out of 
those reproduced on, Map Nos. 2 to 12S, as were not folloived by spore showers. 
Data obtained have been supplied in Appendix G, separately for each rust. 

While it is not possible to draw any general conclusion from the data 
presented in these Appendices, there are a few cases in which it seems that the 
inoculum responsible for the initial attack at some of the stations came down 
with rain. 

(xU) Spore sk(ki:€rs following ‘ relevant ’ winds 

As stated i 1 Part Two, heavy spore shoivers of black rust have been recorded 
in Canada and U.S.A. As many as 266 uredospores were caught on one 
static* nary slide over Manitoba tivo weeks before rust appearance. In U.S.A. 800 
uredospores wTre recorded per square inch at the level of the growing plants 
in southern Miiinesota during a strong southerly wdnd and in advance of local 
rust development. Buller [1989] referred to clouds of uredospores wdiich are 
carried by winds for hundreds of miles to western Canada from the middle-western 
parts of U.S.A. 

In this country heavy spore showers, at any rate in the earlier part of the 
season, are rare probably because of the fact that with the exception of a few 
valleys in the interior of the Himalayas wheat and barley are cultivated in the 
hills on small terraces. Besides, the acreage under these crops in the hills is 
very small, i.e. hardly 5 per cent of the total area. 

All the same, light spore showers are fairly frequent as is clear from the 
Tables of aeroscope-slides appended to Parts Two, Three and Four. During 
these studies four slides showed 100 spores or more and only once were over 500 
caught on a single slide 4 to 2 weeks before rust appearance. 

{mil) Spore showers without relevant or "possibly relevant" winds 

Such cases have been dealt with already and although it is difficult to 
explain them fully, it seems probable that the" inoculum came with winds from 
places of earlier riist appearance regarding wliich no information was available 
about the dates of outbreaks. 

It is equally likely that in some cases winds laden with spores arrived at 
the stations under study during the intervals between daily meteorological 
observations. Further, at stations which are not far away from hilly areas, 
where oversummering takes place although only occasionally, the inoculum 
might have come down as a result of local wind disturbances, not covering large 
tracts of the country. 

The role of katabatic winds as caniers of inoculum to foot-hills has already 
been discussed. Such inoculum as comes down with katabatic winds, from 
day to day, may be carried by local winds to plains near the foot-hills and no 
‘relevant’ winds may, therefore, be found for those stations. 
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(xiv) Rust onihreaks before which no spores were defected on aeroscope-slides 

Reference to sucli outbreaks has already’ been made in Part Two. The 
absence of spores from aeroscope-slides may be due to spore showers being very 
lights and the small amount of air that may pass through the box of an aeroscope 
cannot be regarded as representative of the huge volume of air that covers the 
fields. Further^ if there is no disturbance in the air at ground level wdien spores 
are alighting on the crop no spores may be caught on the slide in the aeroscope. 
Only one aeroscope w’as exposed at each station with the exception of Poona 
where exposures w^ere made during 198B to 1938 in a second aeroscope. Reference 
may here be made to the aeroscopes exposed on the tower of the Poona Observa- 
tory (120 ft. above ground) and at the College farm, Poona (Table II). While 
no spores were caught on slides exposed on Decelnber 4 to 7 and 7 to 11. 1935 
at the Observatory, the slide exposed at the farm on. December 5 to 9 showed 
four spores. 

In this connection, it is necessary to refer again to the role of rain in bring- 
ing down spores from the upper-air although none may be caught on aeroscope- 
slides. 

(wv) Delayed outbreaks of rusts 

In examining the data several cases -were noticed where rust appeared after 
* considerable delay, sometimes as long as 8-9 weeks from the last date of the 
first spore showier w^hereas the maximum length of the incubation period for 
any of the three rusts does not normally exceed 14 days in the plains of this 
country. Excepting Peninsular India w^here the range of temperature seems to 
be too high for the development of yellow rust, as shown by its absence from 
year to year, w'eather conditions during the greater part of wunter in the plains 
are favourable for black and browm rusts, and in the north and central parts 
of the country for yellow rust as w^ell. 

It is evident, therefore, that rusts will appear in the plains of India, in 
general, within 14 days from the date of uredospores alighting on the crop unless 
their germination is delayed on account of dry w^eather, i.e. lo’w humidity and 
absence of rain or dew from day to day. 

Some of the instances where the appearance of rust had been delayed by 
1 to 7 weeks were selected at random, and data of rainfall, range of humidity 
as well *as its weekly average were collected for the entire period following the 
first spore shower. Details are supplied in Appendix H separately for each 
rust, and the dates of subsequent spore show^ers, if any, up to the conimenee- 
ment of the incubation period are also shown. 

It is clear from this appendix that only in four cases out of thirteen did 
the first rain occur just before the commencement of the incubation period in 
relation to the dates of rust appearance. 

The first instance is that of black rust at Agra [1932-33] in which there 
was a delay of approximately seven weeks from the last date of the first spore 
shower, rust appearing nearly nine weeks after that date. No rain occurred 
during the first seven weeks and there was also a spore show-er 18 to 14 days 
before the date of rust appearance. It may also be pointed out that the highest 
average humidity during the first seven wrecks %vas only 73 per cent although 
it rose to .a maximum of 100 per cent on two days during that period, 

i.oc 



802 


FUHTHEB STUDIES OX CEEEAL BUSTS IN INDIA 


In the second case. i.e. of brown rust at L^’aHpur [1984-85], there was dela^’’ 
of only one week. No rain fell till the 13th day before rust appearance but 
the average humidity on the other hand w^as higher in the first week than during 
the fortnight following. 

The third example is that of yellow rust at Jubbiilpore [1984-85] in winch 
rust appeared after a delay of tw’O weeks. There w%as no rain for nearly a •week 
after the first spore showier but it fell twice during the next w^ek and there 
w'as rain also a fortnight before the date of rust appearance. Tw^o spore show^ers 
occurred just before the commencement of the incubation period. 

In the fourth instance, i.e. of yellow^ rust at Gorakhpur [1982-38], there 
was a delay of six weeks. No rain fell till the end of the sixth w^eek and during 
that w^eek the average humidity also happened to be highest. The last spore 
shower occurred nearly a month before the date of rust appearance. 

Ill the remaining nine instances delay in rust appearance is more difficult 
to explain because in four of them there was rain just before the commen cement 
of the incubation period as w'ell as 1 to 4 weeks earlier. The examples referred 
to are those of black rust at Agra [1980-31] and of black, brown and yellow 
rusts at DehraDun [1937-88]. In tliree other instances there w^as no rain just 
before the commencement of the incubation period and in the remaining tw-o no 
rail) fell after the first spore show'or and up to the beginning of the usual period 
of incubation. 

While it is not possible to di’aw’ any general conclusion from these data, some 
eases of delay in rust appearance may be due to bright sun soon after the rain, 
as a result of wdiich the film of w’ater dried up before the spores could germinate 
and infect the host. 

Again, no general statement can be made regarding delay in rust appearance 
owing to low humidity. It is clear from the data given in Appendix H that 
whereas in some of the cases the range of humidity during the period following 
the first spore shower w^as fairly low it was not so in others. 

While dealing with the relation^ of weather to the development of stem- 
rust in the Mississippi valley, Lampbert [1929] concluded that no evidence was 
available of any specific meteorological conditions or set of conditions that 
akvays accompany epidemics. The same author observed that severe epideniies 
sometimes develop in parts of the Red River Valley in w^hieh rainfall is totally 
absent. It is suggested that heavy dew- may account for this condition. 

Heavy dew does occur off and on in the plains of India during wdilter and 
it is quite likely, therefore, that in several cases spores alighting on the crop 
from time to time may germinate because of dew** and cause infection even in 
the absence of rain. 

(a'^vi) Wlmh of the first ifiree heights traced hack to hills 

During these studies several instances were noticed wdiere winds at 1,640, 
8,280 and 4,920 ft. above sea level w^ere traced back to hills with considerably 
higher altitudes. Although it is not unlikely that winds from 5,000 to 7,000 ft. 
may come down to any of the heights mentioned above if there be a regular 
slope, the matter was referred to the Superintending Meteorologist, Upper-Air 
Observatory, Agra and the Agricultural Meteorologist, Poona, as the writer w^as 
in doubt regarffing continuity in the flow of such winds. As interpreted by 
them, it is better not to stretch the extrapolations much beyond the last sub- 
montane station for which pilot balloon data are available. Such wdnds should, 
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therefore, be rcgll‘ded as having started from the foot-hills. At these localities 
tlieie slioiiid be a fair amount of inoculum iu the air due to katabatic winds in 
addition to that settling downi from higher winds from the hills. 

{wvii) Relative signijkance of xvinds of different heights 

. total number of ‘ relevant ' and ‘ possibly relevant ' winds of different 
leiglits, mclucling those follo'wed by spore showers, have been shown station- 
Wise for each rust in Tables VII, XV and XXIII respectively. Com|)arative 
statements of the total number of such winds at different heights for all the 
stations. taken together are given in Tables XXVI to XXVIIL 

Irrespective of the source of inoculum and considering only the rate of 
iali of spores, the highest percentage of significance from amongst the ‘ relevant 
vinds should be found for height A, i.e. 1,640 ft, above sea level and theoretically 
speaking this percentage should fall projiortionatel}" with the height of winds, 
ihe same should apply to wdncls regarded as ‘possibly relevant k 

* above interpretation may not, however, hold good for wmids of the 
tiiira height, i.e. nearly 5,000 ft. above sea level, direct from the hills from where 
abundance of moculum of black and brown rusts is likely to be disseminated 
owing to earl} rust outbreaks on the normal crops and particularly on crops, 
II any, sown earlier than usual. Winds from altitudes of nearly 7,000 ft., i.e. 
nearest to the fourth height under reference, are of special importance for the 
dissemination of yellow rust which breaks out earlier on the new crops at coiii- 
parathely high altitudes than the other two rusts. The chief test, as far as 
the writer can see, wduW be the occurreiice of spore showers within the probable 
period by %vhicTi spores should reach ground level, 

I is necessary to point out the difficulty of attributing spore showers to a 
reiev ant or possibly relevant ’ wind of one particular height or the other 
when spore showers happen to be continuous. For instance, at Jiibbulporc 
there were 16 relevant ^ w’inds for black rust at different heights in 1984-65 but 
continuous spore showers took place right up to the commencement of the 
incubation period. Continuous spore showers 'were also found at Dharwar in 
1965-66, when there were as many as 40 ‘ relevant ’ winds at different heights 
during tile period for wdiich trajectories were studied. Similarly, for brown 
rust there ^ore 46 relevant ^ winds at different heights at Saboiir in 1964-65 
and spore showers occurred continuously during the period for wdiiclx trajectories 
were studied. ox ^ 

f ^^sence^ of information regarding rust outbreaks from a large number 

ol stations the possibility of the dissemination of inoculum from some of them 
cannot be altogether precluded.^ Obviously, winds coming from or passing over 
stations irom wdiich information regarding earlier rust outbreaks was not 

affable could not be regarded as ‘relevant’. It is not possible, therefore, 
to state that the spore showers recorded in the various Tables took place only 
ui relation to the winds interpreted as ‘ relevant ’ or ‘ possibly relevant Besides, 
it is_ equally likely that some of the spore showers might have been caused by 
winds that blew^ during the intervals between daily meteorological obser\ations. 

Ihe number of winds followed by spore sIiowxts mav not therefore be strictly 
obvious interpretation that winds of heights A, ie., 

3 640 ieet should show the highest percentage of significance. Further, it is 
iiKeiy tnat some of the spore show^ers attributed to higher winds might have 
really been caused by the inoculum brought down by winds at a low'er level that 
Dlew during the intervals betw^een the daily meteorological observations. 
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It is clear from Table XXYI that for black rust none of the winds at 8,200 
feet was ‘ relevant No spore shower could be detected in relation to any oi 
the ‘ relevant ’ winds at 9,840 feet alone but on five occasions spore showers 

occurred when winds were blowing simultaneously or at short inters ak at one 
or more lower heights as well. The only * relevant ’ wind at 13,120 feet was 
not followed by a spore shower. With regard to obs'ervations of clouds at 9,840 
feet it may be mentioned that on eight days out of sixteen in 1938-84 and 
twenty-one "in 1935-86 clouds were found to be moving from the Nilgiris to 
Maiidya ; spore sliow'ers were detected in relation to six of them in 1 985-36, three 
for that height alone and the other 3 along with winds at lower heights. In 
view of the fact that Mandya is situated near the foot of the Ndgiris, it is not 
possible to state that spore showers in relation to winds at 9,840 feet alone weie 
definitely caused by them as there would be a fair amount of inoculum in the 
air at different heights brought down by katabatic winds also from the Nilgins# 
Besides, it is unlikely that spores from winds at 9,840 feet from the Nilgiris 
settle down at Mandya, wliich is only 128 miles from Ootacamund and less than 
100 miles from the base of those hills. 

For brown rust, as shown in Table XXVII, there was no ' relevant ’ wind 
at 9,840 feet but one spore shower was detedted in relation to a wind to Mandya 
based on cloud observations for that height alone, and the explanation given 
above applies to this also. 

No comments are necessary on Table XXVIII for yellow rust. 

To sum up, it may be stated that in view of tlie difficulties pointed out above 
no definite conclusions can be drawn with regard to the relative significance of 
winds* at each of the specified heights alone. 

(xviu)* Significance of ‘ relevant ’ and ^ possihly relevant ’ zdnds from the statistical 
standpoint ^ , 

From the nature of this study, it is clear that for purposes of statistical 
comparison, little importance can be attached to winds which passed over stations 
■where rusts appeared later than the dates of the winds concerned. The same 
applies to such winds as came from or passed over stations wherefrom no informa- 
tion was available regarding the dates of appearance or absence of rusts. The 
number of ‘relevant’ and ‘possibly relevant’ winds, therefore, may not show 
any relationship to the total number of winds studied. Scrutiny from the 
statistical standpoint should, consequently, apply only to such winds as ■were 
traceable from or passed over a station or stations of known earlier appearance 
of rust. It would also apply to -winds that came from hills whem rusts had been 
observed repeatedly to oversummer or to break out very early in the season due 
to earlier sowings but about which no definite information regarffing the date 
of rust appearance was available for a particular year. As explained in Part 
One, such winds have been called ‘ relevant ’ and ‘ possibly relevant ’ respectively. 
All these winds were carefully scrutinized to see which of them were followed 
by spore showers prior to the commencement of the incubation period and in 
relation to the dates of rust appearance. 

The writer is conscious of the need of scrutiny of ‘ non-relevaiit ’ winds, 
numWing, 8,942, 2,480 and 2,091 respectively for black, brown, and yellow rusts, 
in relation to spore show^ers but this scrutiny would have served no useful purpose 
unless one coikld be sure that the rust concerned had not appeared earlier 
at any of the stations passed t)ver by such winds. As it is, no information was 
available from a large number of stations passed over by such winds, either about 
the date of appearance of the rust concerned or even its absence. 
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However, all records of rust appeai’ance at the stations under study for 
which there was no ‘ relevant ’ wind in one or more years but at which spore 
showers occurred well before rust appearance, as shown in tables VI, XW and 
XXII, were again scrutinized to make sure if some of the so-called ‘ non-relevant ’ 
winds came to those stations from the hills and which might, therefore, be 
interpreted as ‘ possibly relevant While in some cases such winds were found, 
in others there was no indication as to where the inoculum came from but, as 
mentioned above, for want of information from intermediate stations it would 
not be correct to state that the rust concerned had not appeared anytu'here 
earlier than the dates of those winds. Some of these records are described in 
the text and a few have also been represented on maps dealing with winds which 
could not be iiiterpreted as ‘ relevant A summarized account of such records 
has also been given in Tables VIII, XVI and XXIV for black, browm and yellow 
rusts respectively. 

It is not possible to state, even approximately, the number of ‘relevant’ 
and ‘ possibly relevant ’ winds for each rust which were follow'ed by spore showers 
that actualty caused the initial outbreaks because the duration of the incubation 
period is not the same for the three rusts and because it may vary from place to 
place as well as from month to month according to temperature. The writer 
[Mehta, 1923], from a study of cultures of wheat rusts growm simultaneously 
at comparatively low temperatures, concluded that the duration of the incuba- 
tion period was shortest for yeUow and longest for black whereas for brown 
rust it was interinediate between the other two. Further, the length of the 
incubation period is not fixed at 8 to 10 days but varies considerably according 
to temperature. 

On the whole, as wall be clear from Appendices D and E, black rust should 
appear in the plains after a shorter incubation period in Peninsular India than 
in the north. Reference has already been made to the total absence of yellow 
rust in the plains of Peninsular India but this rust is the commonest in the 
Punjab where the black rust is not so common as elsewhere. Brown rust is 
found only occasionally in Peninsular India but is fairly common in the rest of 
the country. For the purpose of scrutinizing spore showers it is difficult to fix 
the length of the incubation period in relation to the dates of rust appearance 
because a cold wave in the south during winter and a spell of w’arm weather in 
the north would make such calculations altogether arbitrary. In \iew' of the 
above considerations, the masmum duration of the incubation period was fixed 
at 14 daj^'S on the basis of inoculation experiments conducted at Agra ; such 
spore showers as occurred only 14 to 10 days before rust appearance have also 
been showm in Tables VI, XIV and XXII. 

The question of the absence of spore showers in some of the records of rust 
appearance has already been discussed. It must be pointed out that a hi gh 
percentage of significance in relation to spore showers from amongst the 
‘ relevant ’ winds could be expected only if such winds started from or passed 
over one or more stations where the rust had appeared at least 4 to 8 weeks prior 
to the dates of the winds. Normally, there would have to be several generations 
of uredo-Mection before enough inoculum could ascend to the upper-air for 
dissemination. In dry weather, however, rust may not spread to a considerable 
extent locally at soine of the stations even within a period of eight weeks from 
the date of the^ initial outbreak. Besides, in a country like this, where rusts 
occur in the plains only for a period of three months or so, it is very difficult to 
find a s^cient number of stations where infection occurs two months ahead 
of the dissemination of rust to distant parts of the country. In these studies. 
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tliereforCj the minimum period for the relevancy of winds had to be fixed at 15 
days after the date of the initial oiitbreafe particularly becaiise, as ex|>laiiied 
before, the actual dates of rust appearance at several stations might have been 
earlier than those reported. 

Tables VI, XIV and XXII show that out of a total of 88 records of 
appearance of black rust, ‘ relevant ’ winds from stations where this rust had 
broken out at least four weeks earlier were found in 34. For brown rust out of 
59 records such winds were found only in 17 and for yellow rust in 21 records 
out of 51. 

Without prejudice to the observations made above it may be stated that 
with black rust nearly 53 per cent ^relevant ’ and 30 per cent ‘ possibly relevant ’ 
wnnds were followed by spore showers in relation to the dates of rust appearance 
at all the stations considered collectively. For brown rust 31*5 per cent 
‘ relevant ’ and 30*5 per cent ‘ possibly relevant ’ winds were followed by spore 
showers, but for yellow rust the percentage of such winds was only 10 and 9 
respectively. These fiigures have been calculated from the data supplied in 
Tables XXVI-XXVIII. It will be remembered that uredospores of yellow 
rust are rather difficult to detect on aeroscope-slides exposed some weeks before 
examination, and this may explain the low percentage of winds followed by 
spore showers for this rust. 

Ill foot-notes to Tables VII, XV and XXIII additional numbers of ^ relevant ’ 
and ‘ possibly relevant ’ winds have been shown separately for each rust. As 
explained therein, these winds were followed by spore show^ers wdiich occurred 
during the periods not strictly in accordance with their heights and could not 
therefore be included in Tables XXVI to XXVIII. 

A still lower percentage of significance in the case of ‘ possibly relevant ’ 
winds does not call for any explanation in view of the fact that information 
about the actual dates of initial infection on the new crop was not available 
from any of the hilly areas except from the neighbourhood of Simla. 

^ The writer feels that the percentage of spore showers caused by ‘ relevant ’ 
winds might have been higher if arrangements could have been made for the 
exposure of slides in half a dozen aeroscopes in different fields under cultivation 
at each"*' of the stations under study. This was not possible without additional 
staff, 

(xm). Foci of infectim in relaiion io^ initial rust outbreaks in the faoi-hills and 

plawiSy and ike prevailing directions of dmemmation during the of 

study 

. possible after only six years’ study to trace the source of 

initial rust outbreaks for every province and district in a country of the size of 
India, the data obtained have further corroborated the waiter’s contention that 
all Mils and hilly tracts with an altitude of about 4,000 feet, where wheat or 
barley are sown, are potential foci of black rust. Places situated at altitudes 
slightly Mgher than that would be sources of inoculum of brown rust as well, 
and aU the three rusts are disseminated from hills with altitudes of about 6,000 
feet and above. ^ A focus in^ the north, central Nepal, and another in the 
south, the Nilgiris and Pahii hUls, need special mention because of earlier sow- 
ings and consequently very early dissemination of rusts to the plains. In addi- 
tion to the normal crop, wheat is sown in central Nepal during August-September 
and well-advanced infection by all the three rusts has been observed during 
December, sometime even in the first week of that month, on the early crop. 
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At liiglier altitudes in the Nilgiris and the Palni hills two crops of wheat and 
barley are raised every year, one sown during April to August and the other 
during September to November. Conseqiieiitlj^ there is abundance of* rusts on 
the first crop from August onwards and also on the second during October- 
November when wheat is sown all over the plains of Peninsular India. 

The writer is comdneed that dissemination of inoculum rather early in 
the season from these foci to the Indo-Gangetic plain and Peninsular India res- 
pectively is chiefly responsible for the devastating epidemics over large tracts 
of the country. 

With regard to the prevailing directions of dissemination these studies have 
yielded information of great interest which is summarized below. The details 
have already been supplied in the various Tables, Maps and text of Parts TwOj 
Tlnee and Four : 

(<2f) BldCk Must * — ^No initial outbreak of this rust anywhere in the plains 
or foot-hills of Peninsular India could be connected with <tny of the ‘ relevant ’ 
winds from the north. This is evidently due to the fact that whereas black 
rust has occasionally been found to break out by the middle of November at 
some stations of Peninsular India on the normal crop, and on wheat somi ‘ out 
of season ’ at Coimbatore and Mandya as early as September 1 0 and October 16 
respectively, this rust has never been found to appear anywhere in the Indo- 
Gangetic plain, Bihar, Bengal, Assam or the central parts of the country before 
the last week of December. As a matter of fact, over the greater part of these 
areas black rust usually breaks out during January to March and even in the 
foot of Nepal range it has not been found before the last week of December. 

During the period of these studies there were 53 winds in all from hills in 
the north to six stations of Peninsular India, but no importance should be 
attached to them because rust did not appear at any of the intermediate stations 
till 2-3 months later. It whould not be right, therefore, to regard any of those 
winds as ‘ possibly relevant ’ and for that reason they are not included in Tables 
YI and VIL 

Similarly, there was no ‘ relevant ’ wind from the hills of Peiiinsukr India 
to any of the stations in the north. 

On the Other hand, there were nine ‘relevant’ winds from four stations in 
the plains of Peninsular India to Sind, Bihar, United Provinces and even the 
Punjab. 

For Central Provinces there were ‘ relevant ’ winds from the north as well 
as^the south and the same applies to Sind. Some ‘relevant’ winds from 
Pottangi (hilly tract of Orissa) and the Western Ghats also blew to the Central 
Provinces. In the United Provinces the bulk of the inoculum causing initial 
outbreaks came from central Nepal although some of the attacks appear to have 
been caused as a result of dissemination from the Siw’’alik range as W’'elL 

There were several ‘ relevant ’ winds from central Nepal to stations in Bihar, 
Bengal and Assam. 

For stations in the plains of the Punjab, where this rust appears very 
late, i.e., during March-April, a fair amount of inoculum seems to have been 
disseminated from the United Provinces, as suggested by the dates of rust 
appearance and wind curves for Kariial which is on the border line. 
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(b) Br&um Must ^ — ^No i^ind from the north was found to be ® relevant ® 
for any station in Peninsular India for this rust either. There were in all six 
winds from hills of the north for one station of Peninsular India but they were 
of little iiiiportahce as this rust broke out at intermediate stations nearly 1-2 
months later than the dates of the winds. As stated in Part Three, this rust 
has been found only oceasioiially in Peninsular India. 

There was no ® relevant ® wind for this rust from the Nilgiris, Palni hills or 
Western Ghats to tlie north, but there were two such -winds, one from Pottangi 
and the other from Hyderabad (Deccan) to Agra during one of the years of this 
stud^n The observations about black rust apply also to brown rust as regards 
the Central Provinces, United Provinces, Bihar, Bengal and Assam. In addi- 
tion, there were ‘relevant* winds from the Simla hills to Bihar and to one of 
the stations in the United Provinces. For stations in the plains of the Punjab, 
the inoculum of this rust came from the neighbouring hills, except once to 
Karnal and Hosbiarpur from western Nepal and from Benares to Lj^allpur 
in one year. 

(c) Yellow Must. — Ab stated in Part Four, this rust has not been found 
to break out at any of the stations in the plains or foot-hills of Peninsular India 
although spore showers took place at most of them as a result of dissemination, 
in all probability from the Nilgiris and Palni hills ; but no wind was found to 
have come from these hills to any of the stations in the north. 

For the United Provinces there were several ‘ relevant ’ winds from central 
Nepal and the Simla hills. There w^as one ‘ relevant ’ wind to Sakrand (Sind) 
from the United Pro\dnces, For Jubbulpore (C.P.) the ‘ relevant ’ winds came 
from Nepal, Simla hills, the Punjab and U.P. 

‘Relevant* winds to stations in Bihar came from different sources, 
Nepal, hills and plains of the United Provinces and the Punjab. Stations in 
the plains of the Punjab received their inoculum from the neighbouring hills, 
Nepal and the plains of the United Provinces. 

To sum up, it may be stated that for initial rust outbreaks in the plains 
of Didiar the foci in hills of the north as well as the south seem to be 
circumscribed. Whereas the plains of Peninsular India might function as 
secondary foci for some of the places in the central parts of the country and even 
the north, as far as black and brown rusts are concerned, no case of the outbreak 
of these rusts in Peninsular India could be attributed to inoculum from the 
north. The question of the dissemination of yellow rust from the plains of 
Peninsular India to the north and vue versa does not arise because it does not 
occur in the former area. 

It would be premature to make any definite statement regarding the dis- 
tribution of physiologic races of each of the three rusts of wheat in the different 
hills and hilly tracts of this country or their occiirrence in the plains from year 
to year. The study of physiologic races w^as started only in the year 1932 and 
the number of collections analysed, so far, is not large enough to enable one to 
state that no other race besides those recorded is likely to be found in the hills 
or the plains. Nevertheless, there are indications of restriction in the distribu- 
tion of some of the races in the hills as well as the plains of the north and Penin- 
sular India respectively. Detailed information obtained from the study of 
physiologic races up to the end of March 1938 has been supplied in the previous 
monograph [Mehta, 1940]. As stated therein^ six races of black rust (15, 21, 
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24, 40* 42 and 75), six of brown (10, 20, 63"% 106^, 107^' and 108''^) and eight 
of yellow (13, 19, 20, 31, A^, D^, E^' and F*^) have been found. Recently, 
another race of this rust has been met with and it is provisionally called G. 

Information regarding the distribution of these races, available at present, 
is siiixmiarized below. 

(a) Race 21 of black rust has been found only once in the plains of the 
Punjab but not in any of the hills so far. Rac‘e 24 has been met with only in 
the Siwalik range from amongst the hills and in the plains of Rajputaiia, Delhi 
Province and once at Poona and Hmiayatsagar (Hyderabad -Deccan). The 
other races, i.e., 15, 40, 42 and 75, are widely distributed, but the last one has 
not been found in Kashmir, Kiimaon, Pottangi area and the Nilgiris, 

(b) Races 106 and 108 of brown rust have not so far been found in any of 
the Mils of the north although the former w-as once met with in the Xilgiris. 
Both these races are rare, having been found only once in the plains of the United 
Provinces and the Punjab. Races 20 and 63 are widely distributed. The 
remaining two, 10 and 107, have not been found in the Western Ghats and 
Pottangi area. Race 10 is not found in Kashmir. So far, race 107 has not been 
met with in the plains of Peninsular India. 

(c) Races 20 and F of yellow rust seem to be restricted to the Nilgiris and 
13 to Nilgiris and the Palni hills. Race D has been met wdtli only in the Siwalik 
range and E in Kashmir alone. Race 31 has been found only in Nepal and the 
Siwalik range. The other tw^o, i.e,, 19 and A, are widely distributed in the hills 
but the former has not been found in Kashmir and neither of them in the Palnis. 
Race G has been met with only in the Nilgiris so far. 

Races 19, 31 and A have been repeatedly found in the Indo-Gangetic plain 
and only occasionally in the Central Provinces and Rajputaiia. Race E is rather 
rare in the plains and D has not been found even once. None of the eight races 
has been met with in the W^estern Ghats and the Pottangi area and the same 
applies to the plains of Gujerat-Kathiawar, Baroda, Bombay-Deccan, Hydera- 
bad, Mysore and Madras. Yellow rust is not found any where in the south except 
in the Nilgiris and Palni hills. 

(iTcT) General summary of data 

For convenience of reference a summar}" of the information supplied in 
various tables is given below. 

A. Spore showers in relation to rust appearance {Study of aeroscope-sUdes). 
Slides were exposed in aeroscopes at 62 representative stations^ ike maximum number 
in any year being 54. 

{a) black rust (Ref. Table II) 

Number of stations where rust appeared ... ... ... 54 

Total number of records of rust appearance ... ... 219 

Number of records in w^hich slides wrere not exposed 4 to 2 weeks 

before rust appearance ... ... ... ... 14 

Number of records in which spores were caught 4 to 2 w-eeks 

before rust appearance ... ... ... ... 181 


* New race reported by tlic writer [Mclila, 1940 ] 
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Number of records in which spores were caught only 14 to 10 

days or so before rust appearance ... ... ... ^ 

Niiiiiber of records in which no spores could be detected even 

10 days before rust appearance ... ... ... 16^' 

(&) brown rust (Ref. Table X) 

Kiimber of stations where rust appeared ... ... 40 

Total niiiiiber of records of rust appearance ... ... 154 

Number of records in which slides were not exposed 4 to 2 weeks 

Defore rust appearance ... ... ... ... 5 

Number of records in which spores were caught 4 to 2 weeks 

before rust appearance ... ... ... ... 07 

Number of records in which spores were caught only 14 to 10 

days or so before rust appearance ... . . I ... 3 

Number of records in which no spores could be detected even 

1 0 days before rust appearance ... ... 49* 

(€) yellow rust (Ref. Table XVIII) 

Number of stations wdiere rast appeared ... ... 31 

Total number of records of rust a 2 }pearaiice ... ... 135 

Number of records in wdiich slides were not exposed 4 to 2 wxeks 

before ms t appearance ... ... ... ... 3 

Number of records in wRicb spores -were caught 4 to 2 wrecks 

before rust appearance ... ... ... ... 64 

Number of records in w^hich spores were caught only 14 to 10 

days or so before rust appearance ... ... ... 17 

Number of records in which no spores could be detected even 

10 daj^s before rust appearance ... ... ... 51* 


B. Spore showers in relation to winds as well as dates of rust appearance 
{Study of wind-trajectories), 

{a) black rust (Ref. Table VI, wind-trajectories for 23 stations). 

Total number of records of rust appearance ... ... 38 

Number of records in which winds from places of knowm earlier 

outbreaks w^ere follow'ed by spore showers ... ... 27 

Number of records in which w'ind from localities of oversummer- 

ing 'were follo'wed by spore showers ... ... ... 19 

Number of records of spore sho'wers 4 to 2 wrecks before rust 
appearance but not in relation to winds under the above 
two heads ... ... ... ... ... 24']’ 

Number of records in w^hich no spores could be detected nearly 

4 to 2 wteks before rust appearance ... ... 6 

Number of records in which spores were caught only 14 to 10 

days or so before rust appearance ... ... ... 2 


* Such cases have been discussed under sub-head (xivl of this Part 
t Such cases have been discussed under sub-head (xiii) of this Part 
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Number of records in which slides were not exposed at all . _ 6 

Number of records in which slides were not exposed 4 to 2 weeks 

bef ore rust appearance ... ... ... ... 4 

{h) brown rust (Ref. Table XIV, wind-trajectories for 18 stations). 

Total number of records of rust appearance ... ... 59 

Number of records in which winds from places of known earlier 

outbreaks were followed by spore showers ... ... 19 

Number of records in which winds from localities of oversummer- 

ing were followed by spore showers ... ... ... 13 


Number of records of spore showers 4 to 2 weeks before rust 
appearance but not in relation to winds under the above 
two heads 

Number of records in which no spores could be detected nearly 


4 to 2 weeks before rust appearance ... 17 

Number of records in which spores wTre caught only 14 to 10 

days or so before rust appearance ... ..." ... 2 

Number of records in which slides were not exposed ... 2 

(c) yellow rust (Ref. Table XXII, wind-trajectories for 13 stations). 

Total number of records of rust appearance ... ... 51 

Number of records in w^hich winds from places of kuowm earlier 

outbreaks w^ere foliow^ed by spore showers ... ... 5 

Number of records in which winds from localities of oversuiumcr- 

ing were follow^ed by spore showers ... ... ... 13 

Number of records of spore showers 4 to 2 iveeks before rust 
appearance but not in relation to winds under the i\hove 
tw’o heads ... ... ... ... ... g-j. 

Number of records in wiiich no spores could be detected 4 to 2 

weeks before rust appearance ... ... ... Ig 

Number of records in which spores w^re eauglit only 14 to 10 
days or so before rust appearance ... ... " ... 5 

Number of records in which slides wTre no^ exposed • ... 2 


C, ^^Significance of ‘ relevant ’ vcinds^ i.e., from places of known earlier out- 
breaks of rusts. 

{a) black rust (Ref. Tables VII and XXVI). 

Total number of winds 
Number of winds follow^ed by spore showers 

Number of winds for w^hich no spore show'ers could be detected 
as slides were not exposed 

Number of winds which were not Ibllowed by spore showers 

t Such cases have been discussed under sub-head (xiii) of this Part 
** Further details of records of rust appearance already described under B 
t As explained in foot-not^ to Table VII, spore »Kov?ers also occurred in relation to 41 other ‘ relevant* 

winds 


373 

181J 

ao 

121 


312 
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(h) brown rust (Ref. Tables XV and XXVII). 

Total number of winds ... ... ... ... 334 

Xiiniber of winds followed by spore showers ... ... 101 J 

Number of winds for which no spore showers could be studied 

as slides wTre not exposed ... ... ... 18 

Niimber of winds wh^ch w^ere not followed by spore showers ... 168 

(c) yellow rust (Ref. Tables XXIII and XXVIII). 

Total number of winds ... ... ... ... 217 

Number of winds followed by spore show’-ers ... ... 21 j* 

Number of winds for which no spore showers could be studied 

as slides were not exposed ... ... ... 0 

Number of winds which were not followed by spore showers ... 186 

D. Significance of ‘ possibly relevant ’ tmnds^ from localities, of over^ 
smiimering, 

(a) Mack rust (Ref. Tables VII and XXVI). 

Total number of winds ... ... ... ... 651 

Number of winds follow'ed by spore show-ers ... ... 19oJJ 

Number of winds for which no spore showers could be studied 

as slides w ere not exposed ... ... ... 24 

Number of winds which w'ere not follow'ed by spore show^ers ... 324 

(b) brown rust (Ref. Table- XV and XXVII). 

Total number of winds ... ... ... ... 648 

Number of winds followed by spore show'ers ... ... 195*^ 

Number of winds for which no spore showers could be studied 

as slides were not exposed ... ... ..y 8 

Number of winds which were not followed by spore showers ... 354 

{c) yellow rust (Ref. Tables XXIII and XXVIII). 

Total number of winds ... ... ... ... 669 

Number of winds followed by spore showers ... ... 56 K 

Number of winds for which no spore showers could be studied 

as slides w^ere not exposed ... ... ... 46 

Number of winds which w^re not followed by spore showers 493 


** Fuitlier details of records of rust appearance already described under B 

t As explained in foot-note to Table XV, spore showers also occurred in relation to 52 other " relevant ' 

winds 

t As explained in foot-note to Table XXIII, spore showers also occurred in relation to 10 other ‘ relevant * 
winds ' 

As explained in foot-note to Table Vil . spore showers also occurred in relation to 113 other * possibly 

relevant * winds 

M explained in foot-note to Table XV, spore showers also occurred in relation to 91 other * possibly 
relevant * winds 

As explained in foot-note to Table XXIII, spore showers also occurred in relation to 74 other ‘ possibly 
relevant * winds 
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{(jcxi). Cmclusions 

(a) In view of the absence of a local source of infection at the time of sowing 
wheat and barley and the very much delayed appearance of rusts in the plains 
of India, notwithstanding favourable weather, one may safely conclude that 
the inoculum is re-introdiiced there from some other source. 

(b) There is little likelihood of the dissemination of rusts to India from 
across the seas nor is there any evidence of the inoculum coming from adjacent 
countries, except Nepal, prior to initial outbreaks in the plains. 

(e) All the tlixee rusts of wheat, two of which also attack barley, have 
repeatedly been found to oversiimmer in the iircdostage at various altitudes in 
lulls witMn the country itself. 

(d) Uredospores of wheat rusts have been caught at several heights in the 
air up to 10,700 feet above sea level. This shows the importance of the role 
of upper-air currents in the dissemination of cereal rusts over long distances. 

(e) Daily katabatic winds also play an important part in bringing down 
rust inoculum from the lulls to the foot-hills and plains in the neighbourhood* 

(/) In general, single spores of each of the three rusts of wheat should 
settle down in still air at the rate of about 330 to 150 feet per hour. Spores in 
clusters and those adhering to dust particles fall at a faster rate. 

Without prejudice to some of the misfits, referred to in different Parts of 
this Section, w^hich are difficult to explain, it may be observed that : 

(g) As revealed by the study of aerosco^^e-slides uredosi:)ores of black and 
browm rusts w-ere often caught at a large number of stations 4 to 2 weeks before 
the dates of their appearance on the local wdieat crop. Uredospores of yellow^ 
rust W'Cre caught far less frequently. 

(h) The circumstantial evidence of rust dissemination by wind, obtained 
from the study of wind-trajectories, is fairly strong. This is clear from the 
number of records in wdiicli ' relevant ’ and " possibly relevant ’ winds w^re 
followed by spore sho^vers in relation to the total number of records of the 
appearance of black and brown rusts. For yellmv rust, however, the number 
of such wdnds was much smaller. This has been explained in the text under 
sub-head (xviii) of Part Five. 

(i) No definite conclusions could be drawm regarding the relative significance 
of winds which blew at each of the four specified heights for w-hich wind-tra- 
jectories were prepared and studied. 

(j) From the statistical standpoint the percentage of significance in the 
case of ' relevant ’ -winds in relation to spore showers for black and browm rusts 
was fairly high. For yellow rust the percentage was rather lo-w and this has 
also been explained under sub-head (xviii) of Part Five. 

{]c) Irrespective of the source of -^inds that brought the inoculum, most of 
the records of rust appearance could be attributed to spore shoivers that occurred 
4 to 2 weeks or 34 to 10 days prior to local outbreaks at the observation stations. 

(1) All hills with an altitude of about 6,000 feet and above may act as foci 
of infection for each of the three rusts. Brown and black rusts may .also be 
disseminated, at least occasionally, from altitudes of 4,000 feet or so. Details 
of the physiologic race flora of the various Mils so far available are a further 
proof of the re-introduction of I'usts into the plains each year from those areas. 
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{m) As far as initial outbreaks of rusts in tlie plains are concerned the foe 
ill the north and the south seem to be circumscribed. 

(n) By far the most important foci for the dissemination of rust inoculim 
lie ill central Nepal, the Nilgiris and Palni hills, owing to early crops being growl 
there. It is the earli/ dissemination from these hills to the indo-Gangetic plaii 
and Peninsular India, respectively, that is chiefly responsible for devastating 
epidemics over large tracts of the country. 
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Table XXVI 

Compamthe siatement of the total numher of Relevant and Possibly Relevant ’zidncls 
ai different heights as shown in Table VII — Black Rust 


(1) 

(2) 


(3) . 

Relevant Winds 


(4) 

Possibly Relevant W^inds. 

Height 
of winds 
in feet 
above 
sea level 

1 

Full 

Number 
of winds 
studied 
for each ’ 
height 

Total 
number 
^ef. Table 
VII (a) 

Number 
Followed 
by spore 
showers 
as 

detailed 
under (a) 
and(^^) 

Number 
followed 
by spore 
showers 
for 

specified 
height 
only as 
shown in 
Coll 

Number 1 

followed 1 

by spore : Total ; 
showers ’ number 
relating Ref. 

to winds Table VII 
at other ; {i)—{w) 
heights 1 
also 

1 

Number 
foHo'wed 1 
by spore 1 
show'ers | 
as 1 

detailed | 
under (o) ! 
and (b) j 

Number j 
followed 
by spore 
show^ers 
for 

specified 
height 
only as 
shown in 
Col.l 

Number 
followed 
by spore 
showers 
relating 
to winds 
at other 
heights 
also 

1 




(a) 

(i) \ 


1 M 

(i) 

1,640 

840 

77(2)* 

36 

16 

20 

232.(3)* 

1 

78 1 

23 

55 

3,280 

1,349 

92(3)* 

41 

3 

38 1 

186(5)* 

51 

7 • 

44 

- 4,920 

1,341 

95 (12)* 

51 

12 

39 ' 

120 (6)* 

30 

0 

30 

6,560 

1,307 

93 (13)* ; 

41 

7 

34 

113(10)* 

31 

5 

26 

8,200 

32 

0 i 

1 

... 

... 

... 

0 

... 

... 

... 

9,840 

87 

6 

5 

0 

5 

0 


... 


9,840 

8- 

• 8 

6 

3 

3 

0 

... 


... 

13,120 

1 

1 ’ 

i 0 



i 0 

... 



13,120 

It 

1 

! 

1 

0 

1 

i ^ 


... 


Total ... 

4,966 

373 (30)* 

181U 

41 

140 

651 (24)* 

190U 

35 

155 


Out of 23 stations, trajectories for 1,640 feet above sea level were prepared only for 1 5 as otbers are situated 
above that height and some of the winds at each height were untraceabie, hence the difference in 
the number of winds studied. Trajectories for 8,200 and 9,840 feet were prepared for 2 and 6 
stations respectively and for one year only 

* As shown in Tables VI and VII, no slides were exposed at 4 stations and at 4 others slides were not 
exposed during a part of the period of wind-trajectories. In addition, some slides got broken in 
transit and could not, therefore, be examined. In those cases, evidently, no information could 
be obtained regarding the occurrence or absence of spore showers in relation to ‘ relevant ’ or 
‘ possibly relevant * winds. The number of such * relevant ’ and * possibly relevant ’ winds has 
been shown height-wise (in the respective columns in brackets) and should, therefore, be siib- 
^ tracted from the total number in each case 

— ■ Trajectories based on cloud observations in the Nilgiris for Mandya during specified periods of 16 and 
^ 21 days in 1933-34 and 1935-36 respectively. On ether days there were no clouds in that direction 
f Trajectory of a wind found coming from the Nilgiris to Mandya during a period of 16 days in 1933-34 
'I Trajectory based on cloud observations in the Nilgiris for Mandya during a specified period of 21 days 
in 1935-36 

U As explained in foot-note to Table VII, spore showers also took place in relation to 41 and 1 13 ‘ relevant’ 
and possibly relevant ’ winds respectively, which are not included in these numbers. These winds 
have been sbowp station-wise in Table VI and marked with a query 
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Table XXYII 


Coniparatke sMfemmi of the total number of Relevant and Possibly Relevant winds 
at different heights ns shoivn in Table XV — Brown Rust 


(I) 

Height 
of winds 
in feet 
above 
sea level 

(2) 

Full 

Number 
of winds 
studied 
for each 
height 

(3) . 

Relevant Winds ^ 

(4) 

Possibly Relevant Wine 

[s 

Total 
number 
Ref. Table 
XV (a) 

Number 
followed 
by spore 
showers 
as 

detailed 
under (a) 
and (b) 

Number 
followed 
by spore 
showers 
for 

specified 
height 
only as 
shown in 
Gobi 

Number 
followed 
by spore 
showers 
relating 
to w'inds 
at other 
heights 
also 

Total 

number 

Ref. 

Table XV 
(0-(w) 

Number 
followed 
by spore 
showers 
as 

detailed 
under (n) 
and (6) 

Number 
followed 
by spore 
showers 
for 

specified 
height 
only as 
shown in 
Coll 

Number 
followed 
by spore 
showers 
relating 
to winds 
at other 
heights 
also 

(o) 

(4) 

(<») 

(4) 

1.640 

762 

112(2)* 

33 

12 

21 

191 (0* 

49 

13 

36 

3,280 

858 

76(1)* 

24 

5 

. 19 

173(3)* 

50 

1 

49 

4.920 ! 

881 

7! (6)* 

22 

2 

20 

145(1)* 

51 

3 

48 

6,560 1 

873 

67(4)* i 

21 

5 

16 

139(3)* 

45 

6 

39 

9.840 1 

30 

1 0 1 

1 ... i 

... 




I 

... 

9,840 

•7- 

^ 1 

1 

1 

0 


... 

> 

... 

13,120 ; 

i 

i 

I- 

1 

0 

1 







Total ... 

3,412 

334(13)* 

lOlU j 

1 

25 i 

1 

76 i 

648(8)* 

I95U 

23 

172 


Out of i8 stations, traiectories'^for 1,640 feet above sea level were prepared only for 14 as others are 
situated above that height and some of the 'winds at each height were imtraceable, hence the 
difference in the number of winds studied. Trajectories for 9,840 feet above sea level were pre- 
pared only for 2 stations for one year 

* As shown in Tables XIV and XV, no slides were exposed at 2 stations and at 2 others slides were not 
exposed during a part of the period of wind-traiectories. In addition, some slides got broken 
in transit and could not, therefore, be examined. In those cases, evidently, no information could 
be obtained regarding the occurrence or absence of spore shower's in relation to * relevant or 
‘ possibly relevant ’ winds. The number of such ‘ relevant ’ and ‘ possibly relevant ’ winds has 
b^n shown height-wise (in the respective columns in brackets) and should, therefore, be subtracted 
from the total number in each case 

— Trajectories based on cloud observations in the Nilgiris for Mandya during a specified period of 21 days 
in 1935-36 

U As explained in foot-note to Table XV, spore showers also took place in relation to 52 and 91 ‘ relev^t * 
and ‘ possibly relevant " winds respectively which are not included in these numbers. These winds 
have been shown station-wise in Table XIV and marked with a query 
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Table XXVIII 

Comparative datenu'nt of the fatal mimher of Eclevanf and Fossiblp Rritranl tvinds 
at different heishU as shoxm in Table XXJII— Yellow Rust 


Relevant Winds Possibly Relevant Winds 


j 

Height 1 
of winds 1 
in feet i 

above i 
sea level 

^FuII i 

Number ■ 
of winds 1 
studied 
for each | 
height 

Total ! 
number : 
Ref. Table: 
XXIII (dy 

i 

Number 
foilow’ed 
by spore 
showers 
as 

detailed 
under (a) 
and {b) 

Number 
foilow-ed 
by spore 
showers 
for 

specified 
height 
only as 
shown in 
Coll 

Number 
followed 
by spore 
showers 
relating 
to winds 
at other 
heights 
also 

Total 
number 
Ref. Table 
XXIII 
(O-Uii) 

Number : 
follow’ed 
by spore 
sKow’ers 
as 

detailed 
under (a) 
and (b) 

Number 
follow’^ed 
by spore 
showers 
for 

specified 
height 
only as 
shown in 
Coll 

Number 
followed 
by spore 
show'ers 
relatmg 
to winds 
at other 
heights 
also 



(a) 



(c) 

(4) 

1,640 

681 

71 (0)* 

4 

2 

2 

191 (14)* 

15 

4 

11 

3,280 

76 f 

51 (0)* 

1 

6 

1 

3 

3 

182(14)* 

16 

4 

12 

4,920 

! 766 ’ 

46(0)* 

i ^ 

0 

3 

134(10)* 

14 

1 

14 

6,560 

i 

i 

769 

i 

i 

1 49(0)* 

i 

i 

i 

i 

i ^ 

j 

I 

j 

3 

5 

142(8)* 

11 

1 ^ 

8 

j 

Total ... 

2,977 i 

217(0)* 

i 

i 2IU 

8 

13 

669(46)* 

56U 

■ 

45 


Out of 13 stations, trajectories for 1,640 feet above sea level were prepared only for 12 stations as one 
of them is situated above that height and some of the winds at each height were untraceable, hence 
the difference, in the number of winds studied 

* As shown in Tables XXII and XXIII, no slides were exposed at two stations and at one other slides 
were not exposed during a pait of the period of wind-trajectories. In addition, some slides got 
broken in transit and could not, therefore, be examined. In those cases, evidently, no informa- 
tion could he obtained regarding the occurrence or absence of spore slicwers in relation to 
‘ possibly relevant ’ winds. The number of such winds has been shown height-wise (in the res- 
pective columns in brackets) and should, therefore, be subtracted from^ the total number in each 
case. There w^ere no * relevant * winds for either of the stations mentioned above or during the 
periods when slides were not exposed at the third station 

U As explained in foot-note to Table XXIII, spore showers also took place in relation to 1 0 and 74 * relevant ^ 
and ‘possibly relevant* winds respectively which are not included in these numbers. These 
winds have been show’n station-wise in Table XXII and marked with a ciuery 
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SUMMARY 


PART ONE 

A moiiograpli dealing with Physiologic Races, the Role of Alternate Hosts 
and OTersumiiiering in relation to the Annual Recurrence of Rusts of wheat and 
barley in India was published by the wTiter in 1940. The present monograph 
has been written in continuation of the above and supplies a detailed account 
of the Stud}' of Rust Dissemination carried out during 1932 to 11)38 with the 
help of stationary slides exposed in aeroscdpes, slides sent up on bites and 
balloons and wdnd-trajefctories. Information obtained from the study of slides 
exposed on aeroplanes in 1933-32 emd 19^9-40 has also been given. Some other 
data obtained before 1933 are included. 

The scope of the study and the methods employed have been described in 
detail. 


PART TWO 

An account of the study of stationary slides exposed in aeToscopes at a 
large number of stations has been supplied iti a detailed table. Infcrmation 
is given regarding the earliest spore showers and those that oi^curred 4 to 2 
weeks or about 14 to 10 days only before the appearance of black rust on the 
local crops. Dates of rust appearance at each station and inforbiation regard- 
ing the incidence of black rust, where available, are givfen in the same table. 
Details of the study of balloon and kite-slides have also been supplied. Data 
obtained from these studies show that ^pore sho'wers took place at most of the 
stations w^ell in advance of local outbreaks of black rust. 

Detailed information based on the study and scrutiny of 4,966 wind-trajec- 
tories for 1,640, 3,280, 4,920, 6,560 and in some cases 8,200, 9,840 and 13,120 
feet above sea level has been supplied with the help of several tables showing 
the total number of ‘relevant ’ and ‘ possibly relevant ’ winds frolm different 
sources. By Way of illustration, representative wind- trajectories have been 
reproduced on 45 m^s showing the course of the winds. The reh tire significance 
of %vinds of different heights has also been showii in a table. »^Dafe obtained 
from this study shdw' that at several stations winds came from places w^here 
black rust had appeared 15 days to more than two months earlier. Some of 
these winds were follow'ed by spore showers W’hich occurred 4 to 2 wrecks before 
the date of rust appe^trance on the local crops. At the same time, no ‘ relevant ’ 
winds WT^re found in the case of seVeral stations. 

Some of the records w^here spore show^ers occurred 4 to 2 w'eeks before rust 
appearance although none of the winds could be regarded as ‘-relevant ’ have 
been discussed and represented on 8 maps. 

The various aspects of the study of rust dissemination have been fldly dis- 
cussed with special reference to (/) Dates of rust appearance in relation to spore 
showers, (w) Spore showers in relation to winds, {iii) Early rust appearance 
in the plains due to early crops in and nearness to hills and (?r) The probable 
foci of infection. 

Some of the more common misfits have also been discussed and possible 
explanations offered. 
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PART THREE 

Detailed information has been supplied about brown rust as for black rust 
in Part Two. Spore showers occurred at mo,st of the stations well in advance 
of local outbreaks of brown rust on the wheat crop. 

During 19j32 to 1938, 3,412 wind- trajectories were studied in connection 
with the dissemination of brown rust of wdieat to several stations. 

The significance of winds was carefully scrutinized in relation to the dates 
of spore showers and of rust appearance" at these stations. Representative 
trajectories have been reproduced oti 35 maps. Five maps have also been 
appended with infor'mation, by wfey of comparison, regarding some of the records 
in which spore showers occurred 4 to 2 weeks before rust appearance although 
no winds could be regarded as relevant’. 


PART FOUR 

Information has been given about the disseminatiqin of yellow rust on the 
same lines as for black and brown rusts. 

Since 1932. 2.977 wind-trajectories have been studied in connection with 
the dissemination of this rust. 

From the plains of Peninsular India this rust has been constantly absent, 
probably on account of warmer weather. 

Twentvrfonr maps of ' relevant ’ winds have been appended. In addition, 
five maps liovc been supplied, by way of comparison, foj' records in which spore 
showers took })laee 4 to 2 weeks before local outbreaks but no wind could be 
interpreted as relevant ’ in relation to places of earlier appearance of the rust. 


PART FIVE 

In this part, the different aspects of the study of rust dissemination have 
been discussed at length and wherev^er possible conclusions applicable to all the 
three rusts have been drawn. Some of the more important topics discussed 
are as follows : 

Sources of inoculum, the Role of upper-air currents, the Role of katabatic 
winds. Rate of fall of spores. Fall of spoves with rain drops. Spores howlers follow- 
ing ‘relevant ’ and ‘ possibly relevant ’ winds. Rust outbreaks before which 
no spores were detected, Relative significance of whids of different heights, 
Delayed rust outbreaks and Significance of ‘ relevant ’ and ‘ possibly relevant ^ 
winds from the statiistical standp^oint. 

As far as initial outbreaks of rusts in the plains are concerned the foci in 
the north and the south seem to be circumscribed. 

By far the most important foci for the dissemination of rust inoculum lie 
in central Nepal, the Nilgiris and Palni hills owing to early crops being grown 
there. It is the early dissemination from these Mils to the Indo-Gangetic plain 
and Peninsular India respectively, that is chiefly responsible for devastating 
epidemics over large tracts of the country. 



320 


FCJETHEK STUDIES ON CEBEAL BUSTS IN INDIA 


APPENDIX 


A NOTE ON AN APPARATUS FOR CATCHING SPORES FROM THE 

UPPER AIR^^ 

BY 

G. CHATTERJEE 


MeieorohgisU Upper Air Obmrvatory, Agra 
(Received for publication on 12 February. 1931) 

(With Plates XVII and XVIII)*** 

Tile apparatus (Plate XVII) consists of a cyl^indrical slide-holder H made of 
brass whose open ends P and Q can be closed by "two circular flaps Li, Lg, hinged 
about the line XY. The flaps are held in the position shown in the sketch, 
iiucovering the ends (if the slide-holder, by means of a. tliread T working against 
the tension of the rubber band R. The arrangetoent is such that when this 
thread is burnt or cut, the discs fly back under the tension of the rubber band 
to cover the ends of the shde-holder and are Rocked in position by a spribg 
catch C- 

The slide-holder is attached to the diametral stick (K) of a bamboo cage 
such that its length is parallel to the diametral stick and the cage is attached to 
a balloon %vith this stick vertical. (See E, Plate XVIII). During the ascent 
of the balloon the slide is thus exposed to a draught of wind. 

The thread T whiich holds the flaps from covering th,e ends of the slide- 
holder passes through a fusef Pi, Fg whose rate of burning is approximately 
known, the length of this fuse Fj, Fg is so ^^justed th^at if it is ignited at the 
end of just before the balloon is let of[‘, it burns the thread shortly before the 
balloon has reached the height up to which the slide is required to be exposed. 
This adjustment is possible because the approximate rate of ascent of the 
balloon with its attaclime'nts is easily calculable. 

A string N carrying a paper flag G at its end is attached to the thread T 
at the point Tj by means of a wire loop’ed at both ends (Wi Wg). When the 
fuse burns the thread this flag is releas^. The distance between the mouth of 
the balloon (M in Plate XVIII) and the paper flag (G in Plate XVIII) is adjusted 
to a definite length, and gives us a bseline on which angular measurements 
can be taken. The balloon is followed by means of a theodolite, and readi^igs 
of (1) the angular measure of the baseline on a graticule in the field of view of 


* Reprinted from TLe Indian Journal of Agricultural Science, Vol. I, Part III, June, 1931 

** Tins note explains the meclianlsra of th« ‘ Spore Trap ’ which was used in hydrogen balloons for the 
study of rust dissemination, to which reference was made in the article on ‘ Annual Outbreaks of Rusts on Wheat 
and Barley in the Plains of India/ by D. K, C. Mehta, which appears on p. 297 of this Journal 

In the present text these plates are numbered Plates III and IV respectively 

t For a method of. preparing the fuse vide ‘ An Upper Air Temperature Indicator for Use with Pilot 
Balloon * ** , by G Chatterjee, in Cerlmds Bdtrage mr Geo^si^ Vol, 24 (1929), p. 351 
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the theodolite and (2) angles of azimuth and altitude of the balloon are taken 
at definite intervals of time. These readings enable one to calculate the height 
of the halloon above ground at any instant. While following the balloon the 
instant at which the flag is released is also noted, so that the height through 
which the slide is exposed to the draught of air is easily calculated. By addi- 
tional aiTangeinents with an extra fuse it is also possible to begin to expose the 
slide after a known height above ground is reached. 

The aim being to take up the spores-catcher to a desired height and not 
allow it to drift wdth the balloon further than is unavoidable, a special type of 
balloon developed originally by IMr. J. H. Field is used. For this purpose ths 
balloon after reaching the predetermined height is made to empty itself of its 
hydrogen gas, wdtli the consequence that the whole system descends under 
gravity down to the ground. Plate XVIII which gives a picture of the whole 
system just before ascent (Fig. 1), and during descent (Fig. 2), helps to explain 
the action of the balloon. lieferring to these diagrams one can see that, to start 
with, the ireight of the instrument and the cage is supported by the disc D 
wiiieh serves to close the mouth M of the balloon. The top of the balloon ter- 
minates in a long tubular piece T. A string S passes through this tubular 
piece and connects the top of the disc D with a point 0 in the balloon tail. 
Before the balloon is filled with hydrogen the tubular piece is squeezed and 
crumpled along its length to conti'act as much as possible, and its top-most end 
is tied securely to that part of the string S wdiich is near it. Above the point 0 
in the balloon tail is attached a fuse similar to that used with the spores- 
catcher but timed for a longer interval. 

When the fuse Fg burns the string above 0, the wvight of the cage and 
instrument is transferred to the top of the balloon by means of the string S. 
The W’cight of the instrument acting on the tubular piece stretches it, and this in 
turn acts on the string S and pulls the disc D of the balloon mouth wiiich is 
now ‘ up ’ (vide Fig. 2, Plate XVHI). The process results in an escape of hydro*- 
gen, collapse of the balloon and dowTuvard motion of the wiiole system. (Fig. 2, 
Plate XVIII). As the fuse Fj F.> attached to tlie spores-catelier is timed for 
a smaller interval than the fuse Fg the former will have w’orked and the ends 
of the slide-holder closed before the balloon begins to come down. The slide is 
thus kept protected from dust, etc., wdien lying on the ground. A little vaseline 
ov^T the flhiiges at either end of the slide-holdie'i’ completely seals the 
Ihds for all practical purposes. 

A notice promisirtg a rew^ard to the man wiio brings the balloon to the 
Observatory is attached to the cage so as to enable a recovery of the instrunients 
sent up. The coming down of the w^hite balloon with the instrument also helps 
the recovery of the balloon in as much as it helps to attract the attention of 
the finder. 

The balloons used for the purpose are specially made at the Obser^^atory 
out of Vulpro tissue,* 


Uq)per Air Observatory. 
Agra, 6th February,. 1931. 


‘ Vide Note by tlie author in Nature, VoL 124, p. 793 1929 
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APPENDIX B 

Study of the dissemination of nisis of xzlicai and barley under the auspices of the 

Imperkd (now Indian) Council of Agricultural Research. 

Instructions for the Exposure -of Slides in Aeroscope. 

1. The aeroscope has to be screwed down to the board of a wooden stand, 
about 4 feet above the ground in or near a field under wheat or barley. 

2. The board should be picrfectly parallel to the ground and its support 
(a strong wooden post) be firmly dug into the soil. It is of the utmost importmice 
that the box of the aeroscope should -move freely with the wind. 

8. The name of the station and the date of exposure should he entered on 
the label, fixed to each slide, before it is exposed. 

4. Each slide has to be smeared with a very thin layer of vaseline and then 
inserted in the slot, under the sliding cover of the aeroscope and the cover 
replaced. It is essential that tlie smeared surface of the slide should face out- 
tcards in the directiofi of the arrow, painted on the aeroscope and as shown in 
the figure. (Plate V, fig. 4) 

5. The exposure of slides may kindly be started on. ...and 

continued up to... 

0. Slides have to be changed twice a week (at an interval of 8-4 days) 
throughout the period mentioned above. 

7. After removal from the aeroscope, slides may kindly be kept closed in 
one of the small boxes provided herewith. When as many as 9 slides have been 
exposed, they may kindly be returned to the undersigned per unregistered post. 

material except a piece of card-board should be put inside the box, 
if necessary. Before despatch please make sure that the slides do not shake. 

8. The date 6^ first appearance of each nisU^ on the local wheat and barley 
crops may kindly be recorded and communicated to the undersigned, along mth 
a sample of the rust as. soon as it is observed. Cardsf will be supplied to help 
observers in recognizing the different rusts with the naked eye. Rust samples 
may Idndly be air-dried (spread out on sheets of paper overnight in a room) 
before despatch. 

0. A sample of each rust should also be sent a month later for the study 
of physiologic races to : 

The Senior Assistant, 

Rust Research Laboratory, 

Simla, E. 

10. When not in use. the aeroscope may kindly be kept in a room till needed 
in the following season. 

H. The undersigned requests that the above instructions may kindly be 
observed carefully. Special attention is drawm to Nos. 8 and 9. 

Sd, K, C, MEHTA, 

Professor of Botany, Agra College, 
Agra (UP.) 

Black, brown and yellow of wheat and black and yellow of barley 

t For the sake of economy, the illustrations on tbe identification card have not been reproduced here as all 
the diree rusts are shown in Plate III 
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APPENDIX G 
LIST A 

Pilot Balkon Observatories the mind observations of which mere utilised for drawing 
the trajectories for the stations given in List B. 


Serial 

number 

Station 

Date from which 
afternoon upper 
wind observations 
w'ere available on 
the charts in 
addition to the 
morning 
observations 



Date from which 
an extra upper 
wind observation 
for 0330 a.m. was 
available in addition 
to the morning 
p4nd afternoon 
observations 

Remarks 

1 

Agra 

... 

1-3-37 

• ** 


2 

Altmedabad ... 


1-3-37 



3 

Aliahabad 


1-3-37 

1-10-36 


4 

Ajmer 




Closed on 14-10-34 

5 

Babrein 



3-9-37 


6 

Bangaiore 


" 20-6-38 



*7 

Baitalfalaj 

... 


... 

Closed on 22-7-35 

8 

Begampet (Hyderabad) 


CO W. 

— o 



9 

Beliary 



1 

Closed on 2-9-37 

10 

Bb«j 


18-7-38 

1 

Opened on 14-9-37 

11 

Bombay 


1-3-37 

CO 


12 

Calcutta 


1-3-37 

13-7-36 


13 

Chittagong 


1-3-37 

... 


14 

Dacca 


1-6-38 

... 


15 

D. LKban 

1 


... 


Closed on 28-1-38 

I 

16 ; 

Fortsandaman 


28-1-38 


Opened on 28-1-38 

17 1 

Gaya 


1-6-38 

22-3-37 


*18 

Gwadur 


... 

2-9-37 

Closed on 27-10-38 

19 

Jacobabad 


1-3-37 

12-7-36 

Opened on 1-12-35 

*20 

}iwam 


... 

27-10-38 

Opened on 27-10-38 

21 

1 

Jodbpiir 


1-3-37 

14-7-36 

Opened on 15-10-34 


IIA 
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APPENDIX C—cnnfd. 




Date from whlcli 

i ^ f 

i Date from which j 




afternoon upper 

' an extra upper 




wind observations 

wind observation 


Serial 

Station 

1 were available on 

for 0330 a.m. was 

Remarks 

{:umL€r i 


1 the charts in 

' available in addition 


1 


1 addition to the 

to the morning 




1 morning 

and afternoon 

1 



1 observations 

observations 



21 I Jubbiilijoiris 1-3-37 


23 ! ' 

Karachi 

1-3-37 

15-7-36 


24 * 

Labore ... ... ! 

i 

1-3-37 

! 

' 

25 i 

! 

Madhosagar (Gwalior) ... 1 

7-5-38 

*’^27-6-38 

' **As and when re- 

1 



quitai . Opened on 
7-5-38 


?6 1 

Madras 

1-3-37 



2/ 

Maiogaoti 

14-3-39 
or after 


, Opened on 8-5-33 

28 I 

Mangalore 




29 : 

New^Delht 

1-6-38 

i 23-10-36 


30 ! 

Patna 



Closed on 19-3-37 

31 i 

Peshawar 

1-3-37 



32 i 

Poona ... ... i 

1-4-37 


Afternoon aacent 





started on 1-4-37 

i 

Port Blair 

1-3-37 



34 ! 

Raisamand 

23-5-38 

**21-6-38 

1 **As and when rc- 




1 quired. Opened on 

1 20-5-38. 

* 

35 = 

Samhalpur ... 

1-3-57 


i 

36 i 

Silchar 



‘ Closed on 31-8-35 

‘^37 1 

: Sharjah 

... 

19-12-37 

1 Opened on 22-7-35 

38 1 

Tezpur ... ... , 

1-3-37 


j 

39 : 

Tricbinopoly 

1-3-37 


1 Opened on 22-6-36 

40 

; Vizagapatam 

1-3-37 

' 

i 

j 


Stations outside India 


Sd/- 

G. CHATTERJEE, 




Suplie. Mdeorologist. 

Upf}er Air Ohmmiory, Agra 





April 6tk, 1940 
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LIST B. 

List of stations for which wind-trajectories were prepared for all the four heights 


Years for wKich winc!-trajactories v ere prepared 


Serial 

‘ Stations 


number 1 ■ i 

1 


1932-33 ’ 1933-34 i 1934-35 

! 1935-36 1936-37 

i 

: 1937-38 

1 

j Lyalipur 


0 

1 Ho«liia^'pur 


3 

1 Eawalpindi^ 


4 

' Earnal 


5 

j Sakrand ... 


i6 

i Dfiilhi 


t7 

Agra 


8 

Gorakhpur 


9 

I Pusa 


10 

Sabour 


n 

Mymensingb 


12 

Dhubri 


tl3 

^ ■ i 

j Jubbulpore 


14 

Kbaxidwa ... ... ; x , 


13 i 

‘ Pottangi* (Jeypor©) ... ... x 


tl6 

Poona* ... 


17 

BbaTwar* 


18 

Parbbani ... ^ ^ ^ 



19 

Himayattagar* ... ... x . 

... 

X 

20 

G^batore ... ‘ x ■ 

... i 

... 

t21 

Bangalore* ... ... x ... x 

! 

X j X 

X 

22 

Mandya* (Mysore) ... ... x 

... f ... 

... 

23 

Cbitaldroog* ... | ... , 


... 


*No traiectories were prepared for the first height 1640 ft. in the case of these stations as they are 
situated above that level. 

X Represents the years in which no trajectories were prepared 

t Pilot balloon observatories for wlfi-ch actual upper-winds %vere plotted on the Working Charts 
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INDIA METEOROLOGICAL DEPARTMENT 


Upper Air Observatory. 

Dated Agra, the 5th April, 1940. 

Out of the stations for which trajectories were prepared the following were 
pilot balloon observatories for which actual wind observations for the required 
levels were available : 

(1) Agra. (4) Delhi. 

(2) Ajmer. (5) Jubbulpore. 

(8) Bangalore (6) Patna. 

(7) Poona. 

(Ajmer and Patna functioned only a part of the period). 

For the rest, the direction and velocity of winds over them were extrapolated 
from the winds of the neighbouring upper air stations. 

In drawing the wind-trajectories all the available upper wind observations 
plotted on the working charts of the Meteorological Office, Poona, were utilised, 
with due consideration to the general and wind "flow the situation of areas of 
high and low pressures. 

In the case of the upper air stations, wind observations were plotted on the 
working charts from the balloon ascents made in the morning (generally between 
6 and 9 a.m.). Besides these morning observations, afternoon wind observations 
were available for some of the upper air stations for a part of the period and for 
a few stations an extra observation was also available for 8-30 aun. in addition 
to those in the morning and afternoon, for some part of the period. 


Sd/- G. CHATTERJEE, 

Suptdg. Meteorologist 



Weekly range and average maximum and minimum temp&raiures in degrees Fahrenheit of 12 stations^ 
Baroda, GujraUKathiawar tmd Peninsular India for the periods of spore shoxoers of Yellow 
Uust^ including a month from the dates of the last spore showers 
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* Temperature data of 4 stations out of 1 6 were not available 
t Information regarding first spore shower has been given in Table XV 11 1 
t Slides exposed at the Poona Observatory 




January 16-22 75-88 35-49 82.4 

January 23-29 73-93 36-65 85.9 

January 30 — FebruaiyS ... 74 — ^91 35—54 83.3 

February 6 — 12 ... 88 — 95 48 ^55 91.4 
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f Data for December 19 were not available 
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APPENDIX F 

Pemibly relevant winds mtfolbwed by spore showers and data of rainfaU^ if a-mj^ 
soon aftm' those whids 


Year j 

! 

I 

1 Date of rust 

f appearance 

I Height of 

1 wind- 
trajectory 
in feet 
above sea 
level 

Date of wind- 
trajectory 

Area wherefrom the 
wind was traceable 

! 

1 

1 

i Dates of rainfall 
Amount within, 
brackets 


/• 


brown ru^t 



i 

i 



Lyallpnr 



1937^38 

April 1 

1640 

March 15 

Siwalik range 

March 15-16 (T) 


April 1 

3280 

March 15 

Kashmir 

March 18 (0.3) 




Delhi 



1937-38 1 

i 

February 15 ... j 

4920 

January 28 

Kashmir 


i 

1 

i February 15 

6560 

January’ 28 

Kashmir 

JanuarySj (0.1) 

. 

February 15 

6560 

I 

January 29 ... 

Kashmir 





Pusa 1 



1934-35 

December 9 

1640 

November 22 
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1. INTRODUCTION 


111 some of the earlier contributions [Mehta, 1931, 1933, 1939] the writer 
observed that ail the three rusts of wheat are propagated by uredospores from 
season to season in the Mils of India. The role of Berberis and Thalictrum, 
alternate hosts of black rust of cereals and the broivn rust of wheat respectively, 
in the yearly origin of those rusts has also been fully discussed in the previou.s 
monograph [Mehta, lOIsO] and the writer feels convinced that unlike most 
of the European countries, Canada and U.S.A. the eradication of barberries 
would be thoroughly inadvisable for the control of black rust in India. The 
same applies to the control of brown rust by the destruction of Thalictmm. 
Both the alternate hosts grow abundantly in the hills and even after their des- 
truction, at a cost of millions of rupees, epidemics of black and brown rusts 
should still recur unabated because of their oversummering on self-sown plants 
/ind ratoon tillers from harvested plants at various altitudes in the hills. 

This section deals with the subject matter of a popular note, on certain 
methods of rust control, wLichthe w'fiter wrote at the instance of the Imperial 
(no^v Indian) Council of xVgrieultural Research, India in January 1937. The note was 
originally submitted for purposes of publicity and detailed discussion on the 
practicability of the writer's proposals regarding tlie control of rust epidemics 
of wheat and barlcyj in different parts of India as well as Nepal. 

Since then the proposals have been examined and discussed by various 
learned bodies of the Imperial (now Indian) Council of Agricultural Research 
as well as by the Government of Nepal, and the writer hopes that in course of time 
steps' will be taken by the Governments concerned to enforce them. Slight 
modifications have been made in the original proposals, following the discussions 
referred to above. It might be mentioned that wiieat and barley are usually sown 
in separate terraces in the bills and the individual holdings are rather small. 
Out of the total acreage of nearly 35 and 8 millions, respectively under wlieat 
and barley, hardly 5 per cent area lies in the hills and hilly tracts. 

« 2. MEASURES OF CONTROL 

(i) The writer [Mehta, 1929j suggested that in order to eradicate rusts 
at the source, it w^ould be necessary to destroy rigorously all self-sown plants 
and ratoon tillers from harvested plants of wheat and barley and suspend the 
cultivation of these crops for 2-3 years in the hills. This method would be 
impracticable without the co-operation of neighbouring States which extend 
over a considerable part of the hilly area. 

{ii) Dusting the wlieat crop with sulphur, which has been attempted on a 
small scale in some parts of North America, would be impracticable in this 
country because nearly 80 per cent of the area under the wheat crop is covered 
by the highly susceptible, indigenous (Msi) varieties. This method would 


t The results outlined in this section and the methods of control suggested are also applicable to the barley 
crop, which suffers from two out of the three rusts found on wheat. 
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involve huge expense for weekly applications of sulphur and price of machines, 
aeroplanes, etc. Besides, on account of prevailing dry weather in the plains 
most of the pow’'der is likely to be blown off the surface of plants by wind. 

(Hi) The other method of control wdiich is universally recognized is to 
cultivate resistant varieties. For the reasons given previously in this mono- 
graph, in this country it w’oiild suffice to grow” resistant varieties mkj in the hills 
wiierefroni rusts are re-introduced every year into the plains. 

(iv) ‘ Clean-up h i.e., rigorous destruction of ‘ out of season ’ wheat and 
barley, 3 -2 months before normal sowings in all the hills and hilly tracts should 
be an effective method of control. 

(v) 111 view' of the small acreage under the early crops in the Nilgirls, 
PaJnis and Nepal, suspension of the first crop sown during April to August in 
the first two areas and postponement of early sowings in central Nepal to the 
normal period, October, would be the most promising methods of direct 
control of rusts in Peninsular India and the Indo-Gangetic plain respectively. 

With regard to No. (Hi), it may be mentioned that the task of breeding 
a wiieat or w^heats, wiiich w'ouid resist all the physiologic races of the three rusts, 
and of providing enough seed for over 1,500,000 acres, the area under wiicat in 
the hills, will take several years. Besides, it may be necessary to pass legislation 
enforcing the cultivation of only resistant va,rieties, wdien available, in tlie hills. 
Taking the long view” and considering the international importance of the crop 
work on the breeding of resistant varieties w'hich w”as started by the Imperial* 
Economic Botanist in 1935 in collaboration with the writer should contiinie at 
all costs. Breeding of rust resistant varieties of barley for cultivation in the 
hills should also be taken in hand as soon as possible. 

In this connection, reference may be made to some important observations 
of Stakman [1935] who states that ‘rust resistance’ is a variable character, 
like any other plant character. On the basis of recent investigations, this author 
has pointed out that even so resistant a variety as Hope may rust quite normally 
wdien the light intensity is reduced and that imder cloudy conditions wdien there 
is considerable moisture it may be heavily rusted^ if large numbers of spores are 
present in the air. Further, the fact that varieties like Hope and Ceres, having 
so-called ‘ mature resistance ’ which tends to protect them against ail parasitic 
strains, rust heavily under certain conditions indicates clearly that the perfectly 
resistant wheat has not yet been developed. 

Weather conditions such as those described by Stakman are of frequent 
occurrence in the hills of India and Nepal, and in the light of his observations 
it seems that the ‘ clean-up ’ method would have to be enforced in those places 
even when resistant varieties are available, in order to reduce the inoculum 
growing on self-sown plants and ratoon tillers from harvested plants. 

For the reasons given above and notwithstanding the difficulties of super- 
vision in hilly areas and a certain amount of expense to the Provincial Govern- 
ments and States for such arrangements, the writer is convinced that methods 
(iv) and (v) should be effective in mitigating considerably the huge loss of 
Bb. 60,000,000 or so caused by rusts from year to year. Detailed proposals for 
British India, States and Nepal are given in sub-heads 3 and 4 below. . 


* Head of the Division of Botany, Indian Agricultural Researdh Institute, New Delhi 
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3. PROPOSALS FOR BRITISH INDIA AND THE STATES^ 

(a) For all the hilly tracts and hills up to altitudes of 6,000 feet and from 6,000 to 

9,000 feet or so above sea level 

(i) The present practice of sowing wheat and barley before October at 
some of the lower altitudes should be discontinued because such sowings give 
a good start to rusts and are, therefore, a source of danger to the normal crop 
sown in October-November in the hills as w'ell as in the plains. At altitudes of 
5,000 to 9,000 feet wheat and barley may be sown about the middle of October. 
At such places it would perhaps be better to grow only early varieties or 
European spring -wheats so that the harvest may be over before the monsoon 
breaks. 

{ii) Land lying falioAv and required for wheat sliould be prepared 1-2 months 
before sowing and all self-sown plants of -wheat and barley, their stubble and 
ratoon tillers from harvested plants, although looking healthy, should be up- 
rooted and destroyed. 

{iii) Self-sown plants, ratoon tillers from harvested plants and stubble 
along the hedges, in the drains, at the threshing floor, on the way to and near 
the residential quarters, godowns, etc., should also be up-rooted and destroyed. 

(itj) In short, every cultivator should develop an instinct to destroy 'out 
of season ’ wheat and barley plants whenever and wherever found before sowung 
and after the harvest. 

In view of the fact that in the hills and hilly tracts there are only small 
holdings, the writer sees no reason why the cultivator, his wife, and children, 
who can all distinguish wheat and barley in the vegetative stage, should not be 
able to remove and destroy these plants without the help of additional labour. 
Once they are convinced by experience that stray plants are injurious to the 
crop, no further persuasion would be necessary for this method of control, which 
would be effective and inexpensive. 

(/}) For hills above altiUides of 9,000 feet or so 

There is a very small area under wheat at such altitudes, sown usually in 
April -May. Cultivation should be so controlled that wheat and barley arc 
harvested by the end of August, and all self-sowm plants and ratoon tillers 
destroyed immediately after the harvest. A diseased crop standing at such 
altitudes until October-November would be a source of infection to the normal 
crop sowm at a.bout that time at lower altitudes and in the plains. 

As far as possible, -w-heat and barley should not be so-wn after the end of 
^ril at such altitudes. In the event of a serious difficulty regarding the time 
of harvesting, it would perhaps be best to cultivate only early varieties or 
Europea spring wheats. 

(c) Special measures for the Nilgiris, Palni hills and the Bevikuimn arm of 

Travancore 

At higher altitudes (6,000-7,000 feet hove sea level} in these hills there are 
two crops of wheat and barley each 3 - ear. The fiist is sown during April to 
June and the second in September to November. Wheat is also sown on a 


* A brief account of tbese measures was given by tbe writer while opening a discussion on the Dissemination 
of Cereal Rusts in India before the Botany Section of the 25th Indian Science Congress (Jubilee Session) I95S. 
Fm,pth Indian Sc. Coni?. 1938 i 137 (1939) 
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small scale during June to August in these areas. The total area under the 
first crop in these parts is only 3,500 acres or so. 

(i) In view of what has been said above, it is necessary that the harvesting 
of the first crop be over by the end of August and for that reason no sowings 
should be made after iipril. The second crop should not be sown before October. 
If, however, it is not possible to re-adjust the periods of sowing and harvesting, 
as suggested above, the first crop should be entirely suspended for 2-3 years 
and some other cereal grown instead. 

(ii) If it is decided to suspend the first crop, the second may. be grown 
more extensively than at present. 

(ui) All self-sown plants and ratoon tillers of w^heat and barley should be 
removed soon after each harvest and before the sowings. 

The presence of a rusted wheat crop, first or second, in the Nilgiris, the 
Palni hills and the Devikulum area from October onwards, is a source of danger 
to the normal crop (sown during October-November) in the hilly tracts as well 
as in the pbins of Madras, Hyderabad-Deccan, Mysore and parts of the Bombay 
Presidency. In fact, the most serious focus in Peninsular India lies in the 
Nilgiris where two crops are sown over a larger area than in the Palnis. 

(d) Measures for the districts of Bellary, Chitaldroog {Mysore State) Ufid any others 
where wheat or barley is soxvn during July to September, whether regudarly or 
occasionally 

An early crop w^henever and v/herever sown acts as a focus of infection to 
the normal crop sown during October-November. No early sowings should 
therefore be allowed. 


4. PROPOSALS FOR NEPAL 

A very considerable amount of inoculum is blown down from the Nepal 
territory to British India as a result of which rusts break out in the eastern 
districts of the United Provinces rather early in the season (December- January). 

The writer is convinced that such outbreaks are due to the presence of an 
early and w^ell-advanced infection of the August-September crop in central Nepal 
(4,000-5,000 feet) as has been observed during the last three 3^ears. The follow- 
ing measures should considerably control early outbreaks of rusts in central 
Nepal as well as their dissemination to British India : 

(i) The practice of showing wheat or barley anywhere before October should 
be iscontinued at once. 

5. A SHORT-TERM PLAN FOR, THE CONTROL OF WHEAT RUSTS 

IN INDIA 

This note has been written after full consideration of the urgent need of a 
short-term project in accordance with the recent ‘ Food Grain ’ policy of the 
Government of India and without prejudice to the continuance of work already 
in progress, in collaboration with the writer, for the breeding of rust resistant 
varieties or any other iong-teim investigations that may be under contemplation 
by the Central or Provincial Governments. The need for such a plan became 
imminent in view of the very serious rust epidemic of 1947 in Peninsular India 
as well as in the central parts of the country. 
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I. For Control in Peninsular India. 

(i) Prohibition of cultivation of wheat and barley, by strict legislation, 
for a period of five years in the Nilgiris, Paini hills and Devikulum taluk of 
Travancore State. 

Until the year 1943 the total acreage under the Kharif and rahi crops (taken 
together) in the above-mentioned areas was nearly 2,000. In place of both 
these crops Rye {Secale cereale) may be grown and in view' of large-scale cultiva- 
tion of Ergot on this cereal, in the Nilgiris under the guidance of Government 
Mycologist, Madras no compensation to cultivators should be necessary as they 
WDuId get a far greater price for Ergot than they ever obtained from wdieat 
or barley. 

If, however, arrangements for the cultivation of Ergot in the whole of the 
area, at present under wheat and barley, present some serious difficulties or the 
w^eather conditions during either of the crop seasons are unfavourable for the 
growth of Ergot then Rye may be somi for purposes of food. If that too seems 
impracticable owing to unfavourable w^eather some other crop may be raised 
and a fair amount of compensation paid to the cultivators keeping in view the 
present day price of wheat. 

Cultivation of wheat and barley may be resumed as soon as rust-resistant 
varieties, specially suitable for these areas, are available. 

(ii) Prohibition of sowings of wheat and barley, by strict legislation, for 
a period of five years during summer (April to September) all over the plains, 
hilly trctcts and hills in the Mysore State, Bombay Province, Deccan States, the 
Dangs snd Jeypore Agency Tract (Orissa). Sowings may be permitted from 
September 15 only at such places where local conditions of weather do not 
permit further delay. 

IL For Control in other pa7is of the Dominion of India and States. 

(i) Prohibition, by strict legislation, for five years of sowings of wheat and 
barley during summer, even in small patches, in the hills ; there is no summer 
crop anywhere in the plains. 

* (ii) In the hills and hilly tracts wheat and barley crops should gradually 
be replaced by improved varieties of Oats, fit for human consumption, and Rye. 

Oats are not eflPected by any of the wheat rusts and Rye is only weakly sus- 
oeptible to black rust but the Government Mycologist, Madras has foimd some 
of the varieties grown in the Nilgiris to be highly resistant under natural condi- 
tions. 

Rye is extensively cultivated in Europe for mixture with wheat flour and 
pats are also a favourable article of food both in Europe and America. Seed 
bi the latter will have to be imported and increased here for distribution to 
cultivators in the hills and the quantity of Rye available in the country at 
present would be insufficient; more will have to be imported. 

It should not be difficult to replace the whole of the acreage under wheat 
and barley in the hills (less than 5 per cent of the total area under these crops 
in country as a whole) by Oats and Rye within 8 to 5 years. 
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Tke writer bas little cIoDbt that by adopting the above-mentioned ipeasares 
the most obvious and serious foci of rust dissemination to the plains be 
(diniinated and that should lead to a very considerable mitigation of loss caused 
by the rusts under reference. Should any part of the country still suffer from 
a serious rust outbreak location of the source of infection would be ver}" much 
easier than at present cincl necessary steps can be taken to deal immediately with 
the situation. 

In order to obtain full co-operation of cultivators in the hills it Avould be 
necessary to supply them wheat, for purposes of food, in exchange for oats or 
rye. 

It is important to note that the total yield of Food Grains, including oats 
and rye would be consichrally greater than at present because (^) oats, proposed 
to be grown in the lulls in place of w’heat and barley, are not affected by wheat 
rusts and resistant varieties of rye are also available and (ii) the damage caused 
hy rust to wdieai and barley at present in the hills year after year will be largely 
mitigated if not completely stopped. Once the foci in the hills, where rusts 
oversiimnier on ‘ out of season ^ \vheat and barley, are put out of action a very 
effective control should not be difficult to achieve during the short-term plan 
outlined above. The writer is convinced that s (Oiisiderable amount of mitiga- 
tion of loss should be achieved even during the first year of the adoption of 
measures outlined under I, (i) and (ii). 

(ii) All self-sown plants of wheat and barley and their ratoon tillers should 
be removed and destroyed one month after the harvest and repeatedly during 
the tw^o months before sowing. 

* {Hi) If there is any area where two croiis are raised in the year, the first 
should be harvested by the end of August or suspended and the second either 
suspended or not sown till October. 

(iv) At altitudes of 9,000 feet or above wheat and barley should not be 
sown after April and should be harvested by the end of August at the latest. 

Proposals for any special areas in Nepal can be made only after an intensive 
survey of rusts in that territory. So far, observations have been made only 
occasionally and in restricted areas. 

While dealing with the control of brown rust of wheat by Regulation recently 
Chester [1946] has expressed complete agreement with the VTiter's proposals 
included in the previous monogi\aph recommending suspension of the summer 
sown crop in the Nilgiris and Paini hills and postponement of sowings in central 
Nepal to October-November. These proposals apply equally to the other two; 
rusts of wheat. 


6. CONCLUSION 

From the iiatme of the proposals relating to ‘Clean-up' it is clear that 
anything like a complete eradication of rusts is not expected to result therefronll 
At the same time, there seems to be no reason why a considerable amount of the 
inoculum should not be killed by the destruction of self-sown plants and ratoon 
tillers on which the rusts oversummer. The measure is simple and inexpensi# 
and its success depends on how" rigorously it is carried out. 

Perhaps the best procedure would be to publish the instructions in tlie 
vernacular of each of the areas concerned and distribute leaflets to zemind^s 
as well as the cultivators. Details of propaganda may be left to the respecfi^^ 
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departments of Agriculture in the Provinces and the States. If iieeessar}% these 
measures might be enforced by legislation. 

In the earlier stages of the ‘ Clean-up ’ campaign rusts are likely to appear 
here and there at the usual time but the writer feels eoniiiiced that after rigorous 
enforcement, under adequate supervision, of the instriietioiis given above rusts 
should not break out early enough to cause serious epidemics o\'er laigj'e tracts 
in the plains of this country as at present. 

Further, the adoption of special measures recommended for the Mlgiris, 
Palni hills and Devikulum area of Travancore should considerably cut down the 
total lass clue to rusts in Peninsular India. 

With the co-operation of the governments of Nepal and of the Hill States 
in the north, it should be possible to save large sums of moneys within a, few 
years. By a steady diminution of the inoeuliun from the hills and liilly tracts 
the loss may be reduced to a negligible figure in course of time. 
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8. SUMMARY 

This section deals with the subject matter of a popular note on the control 
of epidemics of wheat rusts in India by direct means. 

As stated by the writer in a recent publication, eradication of barberries 
for the control of black rust would be inadvisable in India and the same applies 
to the control of brown rust by the destruction of Thalictrum. Even after the 
destruction of these alternate hosts, at a cost of millions of rupees, epidemics 
of black and brown rusts would still recur unabated because of their propagation 
like that of yellow rust by uredospores in the hills. 

Specific proposals for control of rusts by^ direct means include (i) Suspen- 
sion of the first crop of wheat and barley in the Nilgiris, Paliiis and Devikulum 
area of Travancore for a period of 2-3 years, (ii) Kgorous destruction of self- 
sown plants and ratoon tillers of wheat and barleys, 1-2 months before sowing, 
all over the hills and hilly tracts, and {ir!) Postponement of the period of 
sp^^ing in central Nepal to October. 

Work on breeding of resistant varieties of wheat for cultivation in the hills 
should continue and the breeding of barley' should also be started at an early 
da^. ‘ Clean-up ’ of ' out of season ’ plants will have to be adopted in th(‘ hilfs 
evep when resistant varieties are available. 

It seems necessary, therefore, that the methods recominended above be 
ado;|j|ed without delay in order to mitigate the huge loss of Rs. 60,000,000 or so 
causllt bv rusts of wheat and barlev vear after vear. 
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